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PREFACE TO THE NINTH EDITION 

Many changes have been made in this revision. Part I, whioii 
deals with the principles i^^vlj^ich analytical chemistry is ba.'^cd, 
has been largely rewritten to mate it corresijond more closely to modern 
chemical theory. Part II, which treats of the reactions of cations, has 
been rearranged so that the order of treatment may correspond to the 
sequence in which the laboratory tests are made. In previous editions, 
the reactions of the alkali cations were discussed first and the cations 
of the silver group, which constitute Group I of tht .analytical pro- 
cedure, were considered last. Since this has caused some confusion 
in the minds of beginners, it is beUeved that the new airangemcnt will 

be found more convenient. 

Considerable new material has been introd i ed throughout the bo )k. 
The description of properties of the elements has been amp!i 6 ed and 
many new tests described with special attention to drop reactions. 
A procedure for semi-microchemical analysis has been introduced. 
Since it was the earnest desire of the publishers not to increase the price 
of the book, the introduction of the new material made it necessary to 
discard considerable portions of the former text. Thus, for the analysis 
of each group of cations, a single scheme of analysis is now recom- 
mended which will, it is hoped, make it easier for the beginner. The 
excellent scheme of Noyes and Bray for the analysis of the rare 
and common metals has been omitted with regret. The procedure is 
60 long that few students find time to follow it throughout and it has 
been found better to refer them to the original text of Noyes and Bray 
where greater attention is paid to the necessary details of manipulation 
and considerable information is given about tests that were made m de- 
veloping the scheme. In some cases, as in the analysis of the platinum 
metals and in the tests for the earths and earth acids, the scheme of Noyes 
and Bray no longer corresponds to the best modern practice. 

The section on spectroscopy has also been shortened with regret. 
The technique of spectroscopic analysis has developed so remarkably 
during recent years that it is now beyond the scope of this book to give 
adequate treatment to this important method of analysis. The syllabus 
of the course in qualitative analysis given at the Massachusetts In- 
stitute of Technology has also been omitted, partly to save space and 

♦ ♦ » 
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partly because of changes made from year to j’^ear in the actual method 
of instruction. 

The labor of proofreading has been lightened very considerably by 
conscientious work on the part of my associates Professor Stephen G. 
Simpson and Mr. Robert M. Sherman, Jr., who have offered many 
valuable suggestions. 

William T. Hall 

Massachusetts Ikstitute of Technology 

Apnl, 1937 
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Qualitative Analysis 


PART I. GENERAL PRINCIPLES 

Analytical chemistry includes all those operations which are performed 
in order to determine the constituents of a chemical .•ornpound (or a 
mixture of chemical compounds). Analytical chemi.stry is subdivided 

into qualitative analysis and quantitative analysis. 

Qualitative analysis treats of the methods for deter.mnms the nature 
of the constituents of a substance. Quantitative analy.sis treats o le 
methods for determining ui whal proportion the constituents are present 

in any compound or mixture of compounds. 

Oufllitativc testa, however, can show the approximate content of constituents hy 
comparing the result of a test witli that obtained with a known quantity of pure 
material ^ ailorimetric tests which are often suitable for detiTmining small quaii itie-s 
of a constituent, and tests to determine purity, are almost always made with reactions 

used in qualitative analysis. 

In order to recognize a sulrstanee we change it, usually witli the lielp 
of another sulrstanee of known nature, into a new compound winch 
possc-s-ses distinctive properties. Tl.is tran.sformat,on we call a chemcat 
reaction; and the substance by means of which the leaction i.s broub 

about, the reagent. . • *i .. 

We distinguish between reactions in the wet way and reactions in the 

dry way. 

/, Reactions in the Wet Way 

For the purpose of qualitative analysis only sueli reactions are appli- 
cable as are easily perceplilde to our seases. A reac tion is know n to take 
pkee (a) by the L.nation of a precipitate; W Uy a change of color; 
(c) by L evolution of a gas. In oti.er words, the simse of sight ls u.s<a 
chLfly in qualitative analy.sis, and most of tlie reactions emp o>ed arc 
visuafones. Tl.e sense of smell also aids in ideiit if.vmg numy 
Thus the vapors of l.ydrogen suHide, liydrogei. eyamde. hromme, ea n 
disulfide, and a great many otl.er suhstanees have very 
odors. Some of these vapors arc poisonous, so that in trying the od 

1 
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it is best to waft a little of the vapor, by a motion of the hand over the 
substance to be tested, in such a way that the vapor reaches the nostrils 
greatly diluted with air. The sense of taste is sometimes useful, but is 
rarely employed on account of the danger of poisonous effects. The 
sense of touch sometimes furnishes a little aid; thus graphite has a 
peculiar, greasy feeling, and paralysis of the tongue or eyelid is tempo- 
rarily imparted by the alkaloid cocaine and certain allied substances. 

As a rule, the characteristic reactions of qualitative analysis take place 
by adding a solution containing a substance called the reagent to a solution 
obtained from a solution of the substance which is being analyzed. 
These reactions are called reactions in the wet way to distinguish them 
from tests that arc made in the dry way by fusing the sample with a flux 
such as sodium carbonate, sodium metajdiosphate, or borax, or by heat- 
ing tiie sample in the flame on a platinum wire or on charcoal. 

1 he law of mass action is one of the most important generalizations in 
connection with tiie study of analytical chemistry. From the study of 
reactions that take place slowly and do not go to completion, Guldberg 
and Waage m 1807 showed that the rate at which a chemical reaction takes 
place IS pioportional to the active masses of the reacting substances. If two 

su >stanccs A and B react to form two other substances C and D in the 
sense of the equation u i/ lu me 

A -b B ^ C -f- D 

the reaction will stop wlien the rate at which C and D react to form 

I ■. four substances hv tiie 

whun” ' ’ ' ' to ^ state of equilibrium 

[g_X_|D| _ 

1-4] X [B] ~ 

substance, lie rea. li,,.. takes the fonn*^ ''“'-'‘“S 

niA + + 

t‘.™ . 1.0 state of equilibrium is expressed u.utbeuutieaby a. follows ■ 

[■Ij'* X [Bl" “ ^ 

In tl.ose mass-action equations the values Ml I HI . 

“ ” 
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to express the concentrations in moles per liter . One mole of any sul> 

stance is its molecular weight in grams. 

The mass-action law applies to a state of homogeneous eqmhbnum. A 
homogeneous system is one in which every part of it is like every other 
part. A mixture of two solid substances is not homogeneous. A solu- 
tion, on the other hand, is homogeneous when it Ls thoroughly mixed, 
since it is impossible to distinguish any difference between different 
portions of the solution. Similarly a mixture of gases represents a 
homogeneous system. Such homogeneous systems are c.alled p mses. 
A mixture of a solid, a .solution, and a gas represents three phases; 

two soUds, two phases; two immiscible liquids, two phases. . 

This law of mass action embodies one of the most mi[»rtant princip e.s 
utilized in analytical chemistry. It enables one to understand why 
most reactions take place and to establish conditions under which those 
reactions will occur to the best advantage. The law has been verified 
by a great many quantitative as well as qualitative experiments. I 
hL bran studied, for example, in connection with the formation and 

decomposition of phosiihorus pentachloride. , 

When chlorine gas reacts with cold phosphorus trichloride, the solid 

pentachloride is formed; but if this substance is bea ed. it break., do«n 

into its constituents. The reaction is reversible and may be expressed 

as follows: 

PCU ^ PCI., + Cb 

At any given temperature an equilibrium exists which can be expressed 
mathematically, according to the mass-action law, 

imd_x in^! ^ f. 

[pcui 

in which [PChl, ICU] and [PCU] represent the concentrations at tlie time 

when equilibrium ha.s been reached. * ii i t fU,. 

If w'e desire to volatilize phospiiorus pentacldonde so that tlu l a 
possible di.s.sociation will take place, the al>ove equation shows u.s how 

IpS:; « S'be increased, then in order that the value o, 
the fraction ^ ^ 

IPt'Ul 

shall remain constant, it is evident (hat tlie 

become greater; or, in otlier words, tl.e dlssocia loi. of lie I!" > 

becomes less and there will be pruetieally no di.s.s«eiatl»n f ' ' 

chloride is volatilized in an atmosphere of phosphorus triehloiidc oi of 
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chlorine. In this way, Wurtz obtained for the density of phosphorus 
pentachloride 6.80-7.42, instead of the calculated value 7.2. 

At Stassfurt the mineral carnallite (MgCb • KCI • GHgO) occurs, 
which was evidently formed by precipitation from solutions containing 
the chlorides of magnesium and potassium. This double salt is less 
soluble than pure magnesium chloride and more soluble than pure p>otas- 
sium chloride. If carnallite is dissolved in water and the solution al- 
lowed to evaporate until crj'stals are deposited, it will be found that the 
crystals consist of potassium chloride. WTien the carnallite dissolves 
in water, the double salt is decomposed, more or less completely accord- 
ing to the dilution, 

MgCh • KCI ^ MgCb + KCI 


and for every concentration the equation holds: 


[MgCi,] X fKCl] 
(MgCh • KCII 


= a constant 


If we wish to recrystallize the carnallite, the breaking down of the double 

salt must be prevented as much as possible, and to do this it is merely 

necessary to add an excess of MgClo. As a matter of fact, the mineral 

IS recrystallized at Stassfurt from a 23 per cent solution of magnesium 
chloride. 


Th^ law of mass action applies to all reactions involving chemical 
equihbna that take place in a homogeneons phase; i.e., it can be ap- 
p led to all reactions whicli take place between gases and to all tliose that 
take place in solution. The law shows that when the concentration of 
any sul.stance participating in a cl. inieal reaction is increased, this 

menn^ f '‘•'"'■‘Poscd; when any sul, stance formed by 

means of a clicimcal reaction is removed, Jiis increases the tendency for 

Uie 1 eaction to proee.-d ni the direction by i hich this suhstanco is formed 

The formation of a precipitate or the escape of a gas, as fast as the sub^ 

ac«o: ^ik^x! 


E',.e,r„lvtie l>i.s„ciaUo„ „r 

SvanTe A^Znfnrto ,a!tun\lrrerf t 

solutiona as compared with non vm ' 'Tr * of aqueous 
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by measuring the lowering of the freezing point or the raising of the boil- 
ing point caused by dissolving a definite quantity of the substance in a 
known quantity of a suitable non-aqueous solvent. As a rule, the change 
in the freezing [wint or boiling point of a given solvent is the same when 
a mole of any substance is di.ssolved in 1000 g of solvent. The same is 
true of aqueous solutioas if the substance dis.solved is a non-eledrohjtc or, 
in other words, if the aqueous solution does not conduct electricity much 
better than water itself does. When the freezing point or Ixjiling point 
of a solution of an electrolyte is me;isured and an attempt is made to 
estimate the molecular weight of the dissolved substance, the value ob- 
tained is much too low; the solution acts as if more molecules of dis- 
solved substance were pre.scnt than wc have rexson to believe from other 

data. .Pit I 

Other physical properties of the aqueous solutions of electrolyte^, sucli 

as the vapor pressure and the osmotic pressure, point to the same con- 
clusion. , . , • 

Michael Faraday in his study of tiie laws governing electrolysis, tlie 

results of which were published in 1834, xssumed that the fii-st action of 
the electric current during electrolysis was to split the original molecules 
into smaller particles which he called ions.* According to Arrhenius, 
the splitting of the molecule into ions takes place without the aid of the 
electric current: the ions are prc-sent in aipieous solutions as soon us the 
substance is dissolved. 

. Although historically the theory of ionization was developed from the 
study of the purely physical properties of a<iueou.s solutions such as the 
freezing point, Ixiiling point, vapor (iressure. osmotic pre.^sure. and Ik- 
havior toward an electric current, the theory is of special importance m 

explaining the chemical behavior of these .solutioas. . , 

When an aqueous solution of barium ehloridi* is mixed with dilute 
sulfuric acid, a white crystalline precipitate of barium sulfate forms 
A precipitate of identi<*ally the same chemical comjwsition can he formed 
from any soluble barium .salt by using a solution of any soluble sulfate 

instead of sulfuric acid. _ . . • ■ i 

The addition of silver nitrate to an aqueous .solution of l>ariuni chOru e 

causes the formation of a wliite. curdy precipitate of silver chloride 
which darkens on exposure to light. The same precipitate is formed 
when hydrochloric acid or any otlier chloride is u.sed lastead of tlie ba- 
rium chloride and when any other soluble silver salt is used instead of 

silver nitrate. 


*Thk and other terms used by Faraday in were suggested by William 

Wbewell, ao cauDcnt Bcbolur and teacher (1701^1800). 



6 


GENERAL PRINCIPLES 


Similarly, aqueous solutions of all acids show certain properties. 
Blue litmus is turned red, carbonates are decomposed with effervescence, 
and metals are dissolved. These so-called acid 'properties are due to 
the hydrogen of acids, wliich behaves in an essentially different manner 
from the hydrogen of other compounds. 

Bases also show certain characteristic reactions which can be traced 
to the hydroxide, OH, that they contain. An aqueous solution of a base 
turns red litmus blue and reacts with the hydrogen of an acid to form 
water. 


E. C. Franklin, J. Avi. Chcm. Soc. 46, 2137 (1924), in stud>ing the properties 
shown by solutions of various suletances in anhydrous liquid ammonia, has proposed 
to broaden the definition of acid, base, and salt and has pointed out that NH4'‘‘ formed 
by N!Ij + H* can be considered to Ijc an acid in such a solution, and that the forma- 
tion of NHi^ in the XIL solution can be compared to the formation of IIjO"^ by the 
hydration of the hydrogen ion in an aqueous .solution: H'*’ -j- HjO — ♦ 

X. F. Hall, The Xucleus, 6, 91 (1929); J. Chcm. Educalion, 7, 782-93 (1930), has 
accepted similar ideas with respect to solutions in anhydrous acetic acid and like 
solvents. Broiisted, Hcc. trar. eliim., 42, 718-28 (1923); J. Phijf. Chcm., 30, 777 
(1920); Bir., 61, 2049 (1928), Lucjls, Cht-nrntry & 42, 43 (1923), and 

Bjernun, ('Item. Hev., 16, 287 (193.">), have also attempted to broaden the concept 
of arid, ba.'^o, and salt along similar lines, and, jwrhaps unfortunately, these ideas 
have been adopted l>y various writers of recent textluniks as “ the njodern definitions 
of arid. base, ami salt,” although those definitions have been adopted, with respect 
to aqueous soUitioiis, only by a very small minority of chemist.s. 

In this so-ralli’fl “ nioderii ” conception, an acid is defined sus a donoT of hydrogen 
ions and a biwo is a rtc. acr of liydrogen ions. Great stre-'-s is laid upon the fact that 
tlie hydrogen inn i.s hydrated in neueous solution so that, according to this view, 
tlie hydrogen jon is ns evanescent na.<cinl hydrogen and is capable of only mo- 
ineiitaiy evi'^tcnce. The produ'd. II-.O''', of the. reaetion of hydrogen ion (or pro- 
ton) and wafer is called the tiiid'-vniuin ion by some and the ojoniuvi ion by others. 

further altentiou will be }iai<! to these ide.as in this b(Hik bocau.se: (1 ) they are 
not noccs-sury or helpful in tie* understanding of the reaetions that take place in 
aqii(ou.s .solution-s; <2) ti,c uoiner.f’latuie is confusing, beeaiisc most of the literature 
of t(hliiy, and ail ihct of the last fifty years, has been written from another point 
<4 view; (3,1 the in-i'-fencr- on the fact that wliat we have for fifty yours been 
crdling flic hydrogen i ,n. JT. is really a hydrated ion, HO*-, is .supcrfliiou.s, for 
w- have tifon .iv.iic of lhi< fa-d vlttriiig most of these vcars, just a.-^ no know that the 
hydioxide (.)ll , is probably 11,0,' <w UX\~. There is even stronger evidence 
that cupi:o, tneheloiis. cobultou-. ete., ions arc hydrated, and there is just as much 
rcii'oti !o say that ( u * is not likely to exist iu aqueou-s solution as tf) insist that ll-*- 

U rcallv 


llie aqueous sniution.s of acids, bases, and salts, tlud-ofore, show 
M;u-tions which are charaeteri.stic not so imicli of the dissolved sub- 
.staiico as a whole us of its constituents. TliLs is a very important (wint. 
It enables us to test for the coast ituents ,)f a solution more or le.ss inde- 
pendently of the other constituents which may be paysent. We can test 
for barium in just the same way whether it Is present as chloride or as 
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nitrate and we can test for chlorine by the same reagent no matter 
wLthe’r the chlorine was originally present as hydrochloric acid or as 
some other chloride. This is remarkable, because the chemical proi> 
erties of a compound are usually quite different from the sum of the 
properties of its constituents. .The properties of the chemical com- 
pound water show little similarity to the properties of either hydrogen 
or oxygen gas. The properties of sodium iodide are altogether differe^ 
froi7tLse of metallic sodium and of free iodine, and those of po ass.um 
chlorate arc quite distinct from the properties of the potassium, chlorine, 
Ind oxygen which it contains. Aqueous solutions of acids, bases a^ 
salts however, actually do show additive properties, i.e., sodium ihloiide 
n solutTrshows properties which the sodium of any other sodium salt 
will ltw pliL other properties which any other chloride will show^ 
This suKRCsts the hypothesis that the aqueous solution of an aud must 
InLrS hylogen^o some extent at lea.st, in the same ^•ond.tion as 

doe.s. They aic tlcaroiyi , , . , a(,u,.ous solution e.xi.st, 

electncany charged atoms or atom groups 

"mj: "dium chloride is dissolved in water, it breaks up, according 
to the equation ^ 

into positively charged sodium ions and negatively charged ihlotuU 

‘“Nearly all salts, acids, and bases behave like common salt. Thus 
sodium sulfate decomixjses according to the equa ion 

Na 2 S 04 4=± Na+ + Na+ + SO 4 

and sodium hydroxide NaOH Na+ + OH . i,^.,„j,„ena of elec- 

By this theory of electrolytic dissociation t 1 

trolysis may be explained oTthe poles, the anode, 

source of electricity into an electroly , eathode with 

is charged with ixjsitive electricity, and the ot . electro- 

negative cleetrieity. The dc^giluve io^^ 

positive ions (cations) and attiucts tii 
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and the latter, as soon as they come in contact with the anode, give 
up their negative electricity, become neutral, and separate out.* The 
same thing happens at the cathode, where the electropositive ions are 
discharged. 

The reason why an aqueous solution of any barium salt reacts with 
any soluble sulfate to form barium sulfate is that barium ions cannot 
exist in the presence of sulfate ions to any appreciable extent without 
forming barium sulfate, and the reaction is expressed best as follows: 

Ba++ + S04--;=iBaS04 


Similarly, the reaction between barium chloride and silver nitrate is 
merely that of silver ions and chloride ions uniting to form silver chloride, 

Ag+ + Cr AgCI 

Almost all the reactions of qualitative analysis that take place in aqueous 
solutions arc reactions in which ions react with ions rather than mole- 
cules with molecules. 

Take, for example, the action of a dilute solution of an acid upon a 
dilute solution of a base. The reaction that takes place is merely the 
uniting of iiydrogen ions with hydroxide ions to form undissociated water. 
Ihis is known to be true, because if the reaction takes place wdth 1 g 

ions, the heat evolved is 13,700 
calories. This same amount of heat is evolved when an equivalent 
amount of a dilute solution of hydrochloric acid is neutralized by a 
dilute solution of ijoti^ssium hydroxide, or when the hydrochloric acid 
IS replaced by anonier acid such as nitric acid; it represents merely 
the heat of formation of a molecular weight in grams (one mole) of 
water from liydrogim ions and hydroxiile ions. 

Similarly it can be slimvii that when an acid acts on a metal with 
t he hlieratioii of hydrogen kils, tlie quantity of heat which is developed 
;h pciids only on the nature of the metal and is inde|x...ident of the acid 
Ilie anion of the acid really does not take part in the reaction at all 
1 he mam assumptions of the Arrhenius theory of eleetrohdic dis 
.oeiation arc as follows: A^-tien an acid, a base, » a sah d^olvest; 
water, its inolecnle.s are usually dissociated immediately into smaller 

* Till- ion cmrie.'i the current from one dcofroH,. ir. • 

and soniotimes it is easier to fie.. |,vdmc. n -m.! v di-ssolvcs, 

dUeharpe the ion that canied the eu: ^ 

ehlonde Polufien. no so^iiiin. i.s formed at. the cathode ev ^ t of socimm 

sists of mercury, because it is easier t„V:; T"'’ ' ™ 

sodium ions. If any free sodium were formed it would TctT,' « A ttr 
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fraements called ions. These ions are charged with electricity. The 
suTof the positive charges residing on the cations is 
the sum of the negative charges residing upon the an.ons, and the whole 
solution is electrically neutral. The dissociation is a reversible reaction 

and all electrolytes may be considered to be completely , 

infinite dilution. Except for the dependence resulting from the electri- 
c^chafgi^ and the consequent attractions and repulsions between 
ions, the ions may be regarded as independent constituents 'ml 
vidual and specific chemical and physical properties. If a substan 
Mest Iter and is only partly dissociated, then when the ions are 
“ d, either by electrolysis or as a result of chemical reaction, the 

substance will at once continue to form ions. 

Thouffh it is true that most morganic acids, bases, and salts a 
Jlnf* y t be extent to which ionization takes place when the su . 
Zee 4’ dLolved in water varies greatly. Thus a molecular weight in 
of"ogen chloride dissolved in 10 1 of water yields abci. 

.1: 

neutralise the same """i5';i;J;;'f/^“l^rhvdroxide and of hydro- 

"f ti. " 

"jSetX union . - ^ « 

there is aLnee react with hydroxide ions to form 

form . , tendency for the acetic acid to ionize, and 

water, but there is J termed the ionization con- 

• j- * « Jc. Rnbstancc capable of forming ions; accord- 

iDVolved, an electric dipole. 
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neutralization of acetic acid with sodium hydroxide, the final heat ef- 
fect will not be simply that of the union of hydrogen ions with hydroxide 
ions, but will also involve the energy required to cause the acetic acid to 
ionize. When a substance ionizes as soon as it dissolves, the heat effect 
of ionization cannot easily be distinguished from the heat of solution. 
Just as some substances dissolve with absorption of heat and some with 
evolution of heat, so it is found that the ionization process may likewise 
be associated wth either an absorption or evolution of beat. 

It is interesting to note, and this is a matter of considerable impor- 
tance, that the salts of weak acids and of weak bases are usually ionized 
nearly as much as the salts of strong acids or of strong bases. 

When a dibasic acid dissolves in water, the two hydrogen atoms do 
not ionize to an equal extent. The ionization takes place in two stages. 
Thus with sulfuric acid the first stage takes place in the sense of the 
equation: 

BSOi H+ -h HSO*’ 


The fact that the reaction does not necessarily take place completely is 
indicated by using the double arrow sign instead of the equality sign. 
When the above reaction stops there is a state of equilibrium between 
the three substances H^SOi, H+ and HS04". The HSO*" undergoes a 
secondary ionization as follows: 

HSOr 5 =^ H+ + SO4” 


The extent to which these reactions take place depends upon the di- 
lution. If half a molecular weight in grams of sulfuiic acid is dissolved 
in 10 1 of water, the primary ionization will take place to about 90 per 
cent of the entire quantity of acid present and the secondary ionization 
to less than 50 i>er cent. If the solution is extremely dilute, both re- 
actions will take place almost completely. 

In carbonic acid, the primary stage 

H,C03 ^ H+ + HCO3- 


ordinanly takes place only to a fraction of 1 per cent and the secondarv 
stage 


HCO3- H+ + CO3-- 


to an inappreciable extent (cf. p. 11). With hydrogen sulfide the re- 
lations ore similar. 

as'folbws"'''" ““P>'=tely 




V 

NajS Na+ + Na+ + S“~ 



APPARENT IONIZATION VALUES OF COMMON ELECTROL\TES H 

The following table will be found useful in studying the ionization of 
electrolytes. It gives the approximate percentage of active hydrogen 
ions present in 0.1 N solution at 25« In the case of the strong electro- 
lytes (i.e., those which ai-e ionized to about 50 per cent or more) the 
values represent the actual concentration of hydi-ogen ions multipUed 
by the activity coefficient (see p. 12). In the case of the weak electro 
lytes it is not necessary to take the activity factor (see p. 13) into con- 
sideration. In the case of polybasic acids, the value opposite the form- 
ula of the acid shows the fraction of the whole molecule which undergoes 
the primary ionization into one hydrogen ion, that opposite an ion with 
a univalent charge shows the extent to which this ion undergoes a sec- 
ondary ionization, and that opposite an ion with a bivalent charge shows 
the extent to which it undergoes a tertiary decomposition, forming a 
third hydrogen ion from the original neutral molecule of the acid. 

Apparent Ionization Values of Common Electrolytes 

In 0.1 N Solution 

Salts of the type (e.g.. KNOj) " 73 

Salts of the type B,^\- or B^^Ar (e.g., V 

Salts of the type B/A"- , or B^^^Ar (e.g., KdFe(CN).l or AlCU) 

SalU of the type B^^A'" (e.g., 

KOH, §0 

1.3 

HCl, HBr, III, HSCN, HNOj, HCIO*. HjSO*. HjCrO. 

H,PO«, IbAsO^, HvSOj, H 2 C 2 O 4 , " 

HNOj, 1_2 

HCjHiO,, hc^Oa”, Hsor. . ^ 0 . 1 - 0.2 

HjS, HjCOj, ILPO, ► . .! .!!! 0. 002-0. OOS 

HBO 2 , HAsOj, HCN, nCOj , lie ^ 0001-0.0002 

HS", HPO," , IIAsOi .0.000,000,1 

HOII 

The activity coeiricients of strons electrolytes varies at .litfcro.t con- 
eentratioas and is influenced Krcntly l.y the presence of other u.ns. 1 I s 
an aqueous solution of hydrogen chloride .n tl.e presence of - 

does one of hydrogen chloride in pure water (cf. p. l.i . - 

a stronger acid in the presence of coiLsiderable sodium chloi ide (ch i . - ), 
which t interesting because the effect of adding sodmm 
solution containing hydrogen ions is to lessen he “"-''f ■ 

drogen ions as a result of forming undissoclated acetic acid (see p. 4J). 

• Exception.. : CdCI. to about -17 |k.t cent; IlgCl., to about 0.01 per ccul ; 

and HgBr„ Hgli, and IIg(CN)„ less ll»uo HgCh. 
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Nomenclature of the Ions 

As already mentioned (p. 5), Faraday in 1834 was the first to use the 
words ion, cathode, cation, electrode, anode, etc. All these names are de- 
rived from Greek roots. Faraday’s idea was that the electricity entered 
the solution at the positive pole and passed down to the negative pole. 
The word ion is the Greek word (spelled in Latin letters) for wanderer 
or traveler. Anode is from the Greek ava (ana), up, and o5os (odos), a 
path. Cathode is from the Greek Kara (kata), down, and o5ds. The 
two electrodes are considered as the doors or paths by which the cur- 
rent enters and passes out of the solution. 

Two methods are in common use for designating the ions. Thus the 
ions of hydrochloric acid are designated as H+ and Cl“ or as H* and CF. 
Small plus and minus signs are used in this book rather than the dots 
and dashes simply because this is the present practice in the journals 
published by the American Chemical Society. Many ^Titers prefer to 
use the other system because it takes up less room; with the polyvalent 
ions the use of the plus and mimxs signs is often very cumbersome. 


T/i« Laic in Terms oj .•Icfii-ifiVs 

Qualitativt' .'uudysis i.-;, for tlu* most part, concerned witli the chemistry 
of dilute solutions, and the majority of the reactions are based upon sol- 
ubility reiation.s. In the study of these relations, the mass-action law 
play.s an iinfXMtant part. 

In the ordinary course of an analysis it is very common to deal with 
solutions wliicli an; supersaturated with tiiis or tliat substance of very 
low solubility, and, for tluit reason, the clierni.st is often content to use 
appro.ximations in his oomputation.s. In most of the applications of the 
mass-action law, th.Tcfore, it is sufficiently aeeuratc to assume tliat the 
concaitra'aon^ (always e.xpresscil in moles per liter) of the reacting sub- 
stances are equal to the ndivc manses. This is true of perfect gases at 
low partial pressures and of dilute .solutions of non-clectrolytes. An ap- 
preciable error is introduced, lio\V(;ver, in computations involving com- 
pressed gases or solutions of strong electrolytes. Tl^o following relation 

hoick between the aetivity, a (or the active mass) and its concentration 
c talwaj-s expressed m moles per liter) 

a cf 

The value /is called the aclmfy cocfident. 

The equilibrium of the reaction 

A B^C D 



the mass-action law in terms of activities 
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is, therefore, 


\C\\D]fc-fD _ ^ 
[A\[B\U-fB 


V 1 fforc in hrflckets denote the concentrations of vl, B, C, and 

and/.,/., etc., are the corresponding activity coef- 

activity coefficients do not have constant values, but, as in- 
,1- tTehnve under any given conditions, the activity is proportional 

ir-io j 

Exr s s;* — - "SS 

creases u^n the vidence of the ion. 

’’■'ourknowledge of the activity coefficients under varying coiiditioiis is 
meagei idea of the way they vary in different concentrations of 

aqueous solutions is given hy the following ta e . 


MEAN ACTIVITY COEFFICIENTS OF CERTAIN IONS 


Molar 

Conceit t ration 
Limiting Law for A*B 


Theory for A*D 

UCI 

NaCl 

KCl 

KOH 

KNOi 

AgNO» 

KIOj. NalOj. . 


Theory for 

MgSO* 

CuSOi 


Theory ,A+*Bj or Af*B 

DeCIi 

Pb(NO»h 

KiSOi 


0.005 


O.OJl 

0.020 

0.820 

O.U28 

0.020 

0.027 

0.820 

0.025 

0.024 

0.502 

0.572 

0.5tK) 


0.770 
0 7Hl 
0.703 
0-781 


O.Ol 0.02 


a. 800 0.848 


O.O(X) 
0.004 
0 004 
O.HOO 
0.001 
0.800 
0.800 
0 805 

0-400 

0.471 

0.444 

0-710 
0 725 
O.0S7 
0.715 


0.05 


0.800 

0.874 

0.870 

0.800 

0.808 

0.863 

0-858 

0.850 

0,350 

0.378 

0.343 


0.034 

0.C5l> 

0.506 

0.042 


0.771 

0.800 
0.830 
0.820 
0.812 
0-810 
0 704 
0.787 
0.784 

0.238 
0.202 
0 230 


0.10 0.20 


0.002 1 0.505 


0.756 

0.705 

0.780 

0.763 

0.750 

0.724 

0.717 

0.714 

0.165 

0-105 

0.164 


0-523 0.430 
0.5.56 0.406 
(>.4W 0 373 
0.520 0-441 


0.50 


0.608 

0.766 

0 742 

0.713 

0.710 

0.653 

0.633 


0.101 

0.142 

0.018 

0.302 

0.440 

0.275 

0.361 


0.430 

0.618 

0.757 

0.683 

0,040 

0.071 

0.543 

0.501 


0.006 

0.091 

0.005 

0 274 
0.306 
O.lOH 
0-262 


l.OO 


0,313 

0.559 

0.810 

0.059 

0.601 

0.679 

0.449 

0.390 


0.045 

0.007 

0.044 

0.229 
0 390 
0 112 
0 210 


3.00 


0.133 

0.47S 
1.320 
0 709 
0 571 
0.003 



• The»«j values were furniHhccl by Professor 
Institute of Technology. 


M. S. ShcrrUl, of the Massachusetta 
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Equllihriunt Beticeen a Solid and Ttco Liquids 

Although water, either pure or containing dissolved acid, is the sol- 
vent most used in analytical chemistry, it often happens that a substance 
is more soluble in some other liquid. Thus free iodine is about 400 times 
as soluble in carbon disulfide as it is in water. When iodine is in con- 
tact with both carbon disulfide and water, which are only slightly soluble 
in one another, it will dissolve chiefly in the carbon disulfide. More- 
over, if an aqueous solution of iodine is shaken with carbon disulfide, the 
latter, when it separates out beneath the water, will contain nearly all 
the iodine. A state of equilibrium then exists between the solution of 
iodine in water and the solution of iodine in carbon disulfide. Such an 
equilibrium is governed by the so-called dUtrihulion law or law of partis 
lion. If Ca represents the concentration of a substance in a solvent A 
and Cb is its concentration in a solvent B, equilibrium is reached at a 
given temperature when 



This is the mathematical expression of the distribution law. The con- 
stant, k, is called the distribution coefficient. In this simple form, it is 
important to note tliat the law holds only when each concentration is 
expre-ssed in terms of the same molecular species. Thus if a substance, 
is dissociated to a large extent in one st)lvent and scarcely at all in an- 
other, tile concentrations involved must be those of the uudissociated 
salt in each case. It is quite common to find that the ions of a substance 
are much more soluble in water than in any other solvent whereas for 
the undissociated substance the relations are reversed. Iodine dissolves 
to a greater extent in a solution of potassium iodide than it docs in pure 

water, owing to the formation of 1,“. In such a solution the following 
equilibrium exists: 

I d" L I 3 

If such a solution is shaken with carbon disulfide, the distribution law 
bold.s only for the free iodine held in solution as such in each liquid. 

For iodine in pure water and iodine in carbon disulfide, the distribu- 
tion coefficient is at room temperature. Theoretically it is im- 
possible to remove all the iodine from water by shaking with carbon 
disulfide, but if the carbon disulfide is removed, with the aid of a sepa- 
ratory funnel, and the aqueous solution is shaken with fresli carbon 
disulfide, It is evident that the quantity of iodine remaining ^^ith the 
wafer is negligible, or can be made so by repeating the operation 

Sometimes in testing for the halides it is desirable to remove free halo- 
gen from the aqueous solution ; to accomplish this, the distribution prin- 



KFFECT of concentration on ionization 10 

ciple is utilized. Ferric chloride is much more soluble in ether and hy- 
drochloric acid than it is in water and hydrochloric acid; to detect the 
minor constituents of bon or steel, a large sample of the original ma- 
terial is taken and the ferric chloride removed by shaking the hydro- 
chloric acid solution with ether. Perchromic acid is more soluble m 
ether than in water; by shaking the dilute aqueous solution with a little 
ether, a concentrated solution in the ether is obtained and the presence 
of the chromium shown by the beautiful blue color. 


Influence of Changes m Concentration upon the Ionization 

of Electrolytes 

If we assume 1 mole of a weak electrolyte, such as a solution of NHa 
in V 1 of water, the original substance will be partly ionized according to 

the equation 

NHs + H2O NHi+ + OH 

into ammonium and hydroxide ions. If « is the fraction of the base 
ionized in the sense of the above equation, then the non-ionized part 

^vill amount to 1 — a. 

Since the total quantity of water present does not change appreciably, 
we can neglect it in the ma.ss-action expression, and when equilibrium 
is reached the concentrations per liter aie 

IhO + NH3 ^ NIH-^ + OH- 


1 - a 


V 


a 

V 


a 

V 


and according to tbe mass^aciion law 


1 - a 


V 


— 

V- 


k = 


a 


(1 - a)v 


This is called Odwald's dilution law. It shows that, if we start with a 
Kiven quantity of a weak acid or of a weak base, the actual quantity of 
H+ from the acid or of OH' from the base will increase steadily as we 
dilute the solution of the acid or base, although the actual concenti a- 
tion will diminish. Thus if 1 mole of acetic acid is disso ved in 1 of 
water, the concentration of H+ at room temperature is 0.004 molal and 
the acid is 0.4 per cent ionised. If the same quantity of acetic acid is 
dissolved in 1500 1 of water, the concentration of the II from the acetic 
acid is about 0.000097 mole but the ionization is now 14.7 iier cent of the 
total quantity of acetic acid present. 
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Another way of expressing the application of the mass-action law to 
the ionization of a weak electrolyte is the following: 

Let [HA], [H+j, and [A ] represent the respective concentrations of a 
weak acid, HA, which ionizes to some extent into H+ and A~ ions. Then 

HA H+ + A" 


When equilibrium is reached, the mass-action law reads: 


[H-^l [A-] 

[HA] 


Unless the acid is very weak, we can disregard the hydrogen ions from 
water and assume that [H'*'] and [A ] are equal. Moreover, if the acid 
is less than 10 per cent ionized and we are satisfied with an accuracy of 
two significant figures, we can assume that the concentration of [HA] is 
approximately the total quantity of the acid that is present. Calling 
this value c, the above equation becomes 



and 


[H+1 = 


A corresponding expreasion holds for the OH“ concentration of the 
aqueous solution of a weak bjise: 


[Oiri 


The following tul)Ie 
and weak !)ascs: 


gives the ionization c. 'iistants of soiuo weak acids 


IONIZATION CONSTA.N'rS OF WEAK ACIDS AT 25 ® 

(In the casn of dibaric acid,, K, si„nif,« the ionization constant for the Brat re- 
placoable H atom arRl i s the lonuatiori constant for the second II atom.) 

Natiio 


AcetJL- uf'iij 

Arsenic A'l . - - 
Arseniou? iicid, A’l 
Beuz.oic ncid 


Carbonic acid • 


[At. 

[K-.- 


A'. 

Citric acid \ K, 


K, 

Formic acid 

Hydrogen suiiiile 

\I\: 

Hydrocyanic acid . 
Nilroijs m'i<l .... 



1." X 

5.0 X 
d.tt X 
»>.7 X 
d.5 X 
o.O X 

5.7 X 
I.S X 
•I.U X 
•2.0 X 

5.7 X 
1.2 X 

7.0 X 

4.0 X 


10-5 
10-5 

1 o->'> ; 

10-5 

in-- 
lO" 
10 ' 
10 ! 
U)-« 
10 '‘ 
10 -« 
10-^ i 

lO-wj 

10-« I 


Oxalic acid 

Uw 


'ir« < T. 


Phosphoric acid A*. 

A'j 


Tartaric acid 

[Aj 


PjTophnsphoric acid ] 


Sulfuric acifl, A'" 


A'l.. 
A'.. . 
A',.. 
AV. 


Sulfumu^ acid 

’A, 


0..5 X 
G.l X 
1.4 X 

2.0 X 

3.0 X 
n.o X 
2.9 X 
1.4 X 

1.1 X 
2.9 X 

3.6 X 

3.0 X 

1.7 X 

1.0 X 


10 -* 

io-» 

10-5 

10 -^ 

io-» 

io-« 

10-5 

io-» 

10 -* 

10-’ 

10 -* 

10 -* 

10-^ 

10-^ 



IONIZATION OF WATER. THE HYDROGEN EXPONENT, Pe 17 
IONIZATION CONSTANTS OF WEAK BASES AT 25° 


Name 



1.75 X 10-^ 
4. X lO-i® 
3. X 10-« 


Lead hydroxide 
Methylamine 
Pyridine 


Kb 


9.6 X 10-* 

4.4 X 10-* 

1.4 X 10-* 


Ammonia 

Aniline 

Hydrazine 

~ strong 

L“r«:.'irit it i.e 

uB^fuI value. The value 1 has „.i,h the cons, an, s given in 

a strong acid or base, and thi. i ®_,,ntalions it is host to as.sume that strong 
:t:omtXi“ued or use the approximations given on page 11. See 

also page 13. 

,„niz.tion of ITnter. The Hydrogen Eyponent, pu 

The ionization of water 

H 2 O ;=± H+ + OH 

Sr SlMinrt'^ fiif b:twcen 

OH‘, and H 2 O « expressed by the equation 

[HUJOHll^^ 

IH 2 OI 

but since the concontration of f rvty llt'in LmpTr- 

changed apprcc.ably^iy Its ‘on.^ concentration of the 

ison with [H+l and [OH 1, t i.s uts 

undissociated water a constant an 

[II+l [OH 1 = ky, 

temperature a.s the follow.ng table shows. 

^ , nF WATER AT VARIOUS TEMPERATURES 
ION PRODUCT. OF ^ !■„ 


Temp. 


0” 

10 ® 

18® 

25® 

30® 

50® 


kifi 

Temp. 

0.12 X io-‘* 

0.3 X 10'‘* 

0.59 X 10'“ 
l.O X 10'“ 

1.5 X 10'“ 

5.5 X l0-“ 

60* 

70® 

80® 

90® 

100’ 


kit 


0.93 X 10-” 

2.1 X 10-‘* 
2.3 X l0-'» 
3.6 X 10"“ 

5.1 X 10-'* 
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The constant is of great importance in the study of analytical 
chemistry and has helped to clarify our knowledge concerning the neu- 
tralization of acids and bases. In pure water, and at room temperature, 
the concentration of both H+ and OH" is 10-? mole per liter because the 
product is 10“^^ This does not by any means imply that any sample of 
distilled water in the laboratory is likely to have exactly this concentra- 
tion of H+ and OH". If the water has been exposed to the atmosphere, 
carbon dioxide will be absorbed and this is likely to make the concen- 
tration of H+ about 20 times larger than 10“’' because water reacts with 
carbon dioxide to form carbonic acid. If, on the other hand, the water 
has been kept in a glass vessel it dissolves sufficient glass to become basic 
and, moreover, distUled water often contains a little dL^^solved ammonia 
arising from tlie nitrogenous matter present in the water that was dis- 
tilled. Since the ion product, k,, of water is a constant, for a given 
temperature, we can always tell what the OH’ concentration of an aque- 
ous solution IS if we know the H+ concentration, and vice versa 

In potentiometric studies of H+ concentration, it has been found that 
tlie so-called single potential " of the hydrogen electrode is proportional 

to log and thi.s value is positive when the concentration of H+ is less 

than 1 Because it is a positive number, it is a value which is easy 
landle. lor this reason, it has become common practice to express 

small concentrations of both H-^ and OH" in terms of log ^ which is 
called the hjdrogcn exponent, or 


concentration of or of OR- it 

neutral point of water. Tlie hieher the n vnli./T'^h /' ^ represent.*} the true 
l>vdrogcnion; -hu ions having I" concentration of 

having a p„ greater than 7 are kX ,h .^rTor' 

solution contaiiis 10 times ‘is much IT"- nc Jkhi the = C the 

If n,c concmlralion of II* is 0 000.|fr„^ a ^ 

ei.nveTilii.nal mcth.nl of using lo-arilhms tllir' nuri, ‘'‘f, 

-nuher heta-een 0 an, I 10 - “ “ 

l.e rvri.ten ir, x 10*. Then log ’ , lo' 

trac, ,he log of fr,,,., ,he l„g of' ^ 

desired p„ is I - 0.1,0 = S.lj-l. ' '' " “f i C. = 0.00, the 
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oTo ' 'irr c" -tten above .he 4 ,o 

eho» tiat it "egaLe value vhereas the mantissa injhe logarithm as O.Cb, a 
Show that It has a nefea ^ ^ ^ 

positive number, and represents the g • 

-3 34 and 0.0004G = lO"’-”. Subtracting -3.34 from 0 ttlie Jog oi i; g 
gen exponent” or ve can do the same with the concentration of OH 

and say that PoH = [o^n ’ ““ 

- _ intr J- = loc = 14 at room temperature. Obnously 

P" ” Kw ® 10'“ 

Pii + Pou = Pu. and pn = 14 “ Poa 

When OH- - O.OOOIG, Po„ = ® “„;:'crcarit'‘by '.hc^'able' on p. 20 

inlhich U rs "r.^rilCi'a^d NaOH are c-ompie.ely iomred in the soiut.o.rs 
mentioned. 

SotnbiUty Product 

Silver chloride is slightly sohihle h, water; 0.00001 mole (1.5 mg) of 

f-j j- 1 in 1 I fif tho solvoiit. IVhon water i.s placed m eoii- 

the solid d..s.olvcs in 11 > the v ..^uilibritun is .soon 

"“‘of 

of dissolved suhstunee is ;:::^:';;rm:!:'::ive; 

of the salt to precipitate is equal to tlio tendency of the salt to di>>o to. 

‘ f 1 ^4 1 fi' ^1 1 ....^ 1.1 


• ^ ^vilh difficulty here, 

The mass-action expre^Moll ^ 

because the concenlration lAgCl] applir. only 

that is hi sohitioi. and it is srrf.r to ; ^g' la' h.; 

It is castomaiy to assr.nm AgCl at 

. temperatnm at winch 

"rlS wml’a'slLurnce surd, as Phi. the soh.hiliiy produH 
■ rpK++iiT-p where IPh-^l and [I'l represent the concenti atioa^, in 

*’'* , y^ ’ nf U1 j++ and r respectively, in water which is .saturated 

Witpw ntiii/d til’s, ilJtance ionizes into „„1 an.l nil 

To^' L soluliildy product, .S„ is found by the following ec, nation: 

Sp = (-'ir X i/?i” = 

• Cf. KoIthofT and Sandell, T.xlbo,.!: oj Quantilaluc Arialysis. 



H 


~ ^^HCl - 

O.IiVHCI 

O.OIATHCI 


acetic acid 


O.lN^in acetic acid 
and O.lA/in sodium acetate 


Pure water 


- O.lJVNaHCOj 


_ O.lA'inNH^Cl 
and O.l.Vin NH4OH 


O.lATin NH4OH 

O.OlATNaOH ■— 

O.lAfNaOH 

^ATNaOH - 

Pqh **oom temperature 
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in which k is the ionization constant and the concentrations are those of 
a saturated solution. 

Experience has shown that the conditions are somewhat more com- 
plicated in concentrated solutions such as are obtained "'‘th the c ery 
soluble substances. In future discussion, therefore the so ubility will 
be expressed, as a rule, in terms of the solubility product only when the 
substLce does not dissolve to a greater extent than 0.01 mole per liter 
The table on page 13 shows that the “ active masses of 
the type represented by AgCl correspond to an ionization of about M 
per cent in 0.1 AT solution, and we have seen on page 15 that the ioniza- 
tion increases as the solution is diluted. In such a d' ute solut on ^ 
that of silver chloride (0.00001 N) the ionization is ^ 

It is therefore logical, in such cases, to express the solubility n ter^ o 
the ions, whereas with very soluble substances it b better 
the solubility in terms of the mass of dissolved substance. 

In the following table the solubility of each substance is ‘ 

three ways; in grams of dissolved substance per liter, in moles pel iter, 
and finaUy, in terms of the soluliility product, using molc.s per itci. 
To’ soWiility of most of the substances given in the table is so slight 
that the quantity dissolved is negligible for most purposes. t\ lienei er 
thfworf^Ul is used in this book it is with the understood limita- 
tion that no substance is absolutely insoluble m water. 

SOLUBILITIES AND SOLUBILITY PRODUCTS AT ROOM 

TEMPERATI’RE 


8ubflianc4} 


Solubility in 
Granid per Liter 


Solubility in 
Mole.'* per 1-ilcf 


AgBr 

AgBrOj 

Ag,(CN), 4.05 

AgCNS 1-4 

AgCl 

AgaCO, 3.0 

Ag,C,0« 3.5 

Ag,CrO« 2.5 

AgjCrjO; 8-3 

Agl 3.0 

Agio, 4.4 

Ag,0 2.1 

AgOH 1-7 

AgjBO, 0-5 


X io-« 

X 10-^ 
X 10-* 
X 10-* 
X 10-* 
X lO'* 
X 10-* 
X 10-* 
X 10-* 
X lO-* 
X 10-» 
X 10-^ 
X 10-> 


5-9 X 

7.1 X 

1.5 X 
8-5 X 

1.1 X 

1.1 X 
1.1 X 

7.5 X 
1.9 X 
1.3 X 
15 X 
9 0 X 
1 1 X 
1 .0 X 


lO-” 

10-’ 

lO-* 

10-» 

l0-‘ 

10 -* 

10-’ 

l0-‘ 

10 -* 

10 -* 

10 -< 

10 -» 

10 -‘ 

10 -» 


Solubility Product 

(Agl X IBr) = 3.5 X lO'** 
lAg) X |BrO,l » 5.0 X 10-‘ 

(Agl X lAg(CN),l » 2.2 X 10-“ 
(Ag) X ICNSl = 7.1 X 10-“ 

I Agl X ICll = 1.2 X lO-i* 

[AgV X [CO,l = 5.0 X 10-“ 
(AgP X 1C,0«1 = 5.0 X 10-“ 
(Agl* X ICrO,] = 1.7 X 10-“ 
(Agl* X lCr,0,l = 2.7 X 10-“ 
lAgl X ID = 1.7 X 10-“ 

|Ag! X 10,1 = 2.3 X 10-» 

(Agl X (OHl - 1.9 X 10-« 

|Agl X lOH) * 2.0 X 10-« 
lAgl* X IPO.) = 1.8 X 10-“ 
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SOLUBILITIES AND SOLUBILITY PRODUCTS AT ROOM 

TEMPERATURE — Continued 


Subetance 


AgaS. . 
AgiSOi 


Solubility In 
Graoio per Liter 


7.3 X 

8.0 


BaCO, 8. IX 10-» 

BaCiO^ 9 . 2 X 10-« 

BaCr04 3.8 X 10-» 

BaF, 1.3 

Ba(IOj)2 2.5X10-1 

BaS04 2.5 X 10-» 


Ca(IO,), 

CaCOj 

CaCi04 

CaCr04 

CaC4H40«. . . . 
(tortrate) 

CaFz 

CaS04 

CdC404 

CclS 

Cc2(C,IIA)3 . 

((RTtrato^ 

C02(C:O,), ... 

CodOi), 

Co{OH), 

CoS 

Cu,(CNS)2. . . . 

CuiBrj 

Cu:Cli 

Cua04 

CUjI; 

Cu(IOj)2 

CuS 

Fe(OH)3 

Fe(On), 

FcS 


rigjBr: 

IISjCIj 

HrjL 

HgO 

IlgS 


KUC 4 H.O 4 - . 
KjPtCU 


2.1 

1.3 X 10-* 

5.7 X 10-* 
23, 

1.7 X 10-‘ 

1.6 X 10-» 

1.1 

2.0 X I0-* 

8.6 X 10->* 

4.4 X 10-» 

4.1 X 10 ~* 

1.3 

5.5 X 10-» 
1.(5 X 10-» 

5.0 X 10-« 
2.9 X 10-2 

1.2 X 10-> 

2.0 X 10-2 
3 0 X 10 ~* 

3.0 

8.8 X 10-21 

1.44 X 10-2 
4..S X 10~« 

3.4 X 10-a 

3.9 X 10-« 

3.8 X 10-« 

2.0 X 10-2 

3.2 X 10-2 

1.5 X 10-2« 

3.2 

11 . 


Solubility ia 
Moles i>er Liter 

3.4 X 10-» 

2.6 X 10-* 

4.1 X 10-* 

4.1 X 10 ~* 

1.5 X 10-» 

7.5 X 10-» 

5.3 X 10-* 

1.1 X 10-s 

5.4 X 10-» 

1.3 X 10-‘ 

4.5 X 10-» 

1.5 X 10-» 

8.8 X 10-« 

2.0 X 10-* 

7.8 X 10-» 

I .O X io-< 

6.0 X 10-“ 
G.l X JCi-' 

7.5 X 10-2 

1.9 X 10-2 

7.4 X 10-2 

1.7 X 10-*» 

2.1 X 10-« 

1.0 X 10-* 
0.0 X 10-« 

1.7 X 10-« 

8.0 X 10-2 

7.2 X lO-i 

9.2 X 10-2i 

1.6 X 10-« 

4.5 X l0-“ 

3.9 X 10-w 

6.9 X 10-« 

8.0 X 10-2 

3.1 X 10-w 

1.5 X 10-» 

6.3 X 10-22 

1.7 X 10-2 

2.3 X 10-2 


Solubility Product 


[Agl* X [SJ = 1.6 X 10-» 

(Ag]» X (SO4] = 7.0 X 10-‘ 

[Ba] X [CO3I = 7.0 X 10-* 

IBa] X ((^04] = 1.7 X 10-2 
(Ba] X {OO4] *= 2.3 X lO-*® 
[Ba] X (FJ* = 1.7 X 10-« 

(Baj X (IO3I* = 6.0 X lO-w 
(Ba] X (SO4] = 1.2 X 10-w 

(Ca], X (lOa]* = 6.5 X 10-2 
(Ca] X (CO,] = 1.7 X 10-* 

(Ca] X (CJjOi] = 2 X 10-* 

(CaJ X (Cr04] = 2.3 X 10“* 
(CaJ X (C4H40«] »= 7,7 X IO-2 

(Ca] X fF]* = 3.2 X 10-" 

(Ca] X (SO4] = 6.1 X 10-* 

(CdJ X (C204) = I.l X 10“* 

|Cd] X (S] * 3.6 X 10-» 

((Dc]2 X (C4H40«]2 = 9.7 X 10-“ 

[Cep X [C,04]2 = 2.6 X 10-“ 
[CcJ X (10,]* « 3.5 X 10“'® 

(Co) X (OHJ* * 1.6 X 10-'» 

(Co] X [S] = 3 X 10-“ 

(Cu] X (CNSJ = 1.7 X 10-" 

(Cu] X (Br] = 4.1 X 10-« 

(Cuj X (Cl] = 1.4 X 10-« 

(CuJ X ((3:04] = 2.0 X 10-* 

(CnJ X [I] = 2.6 X 10-1* 

[Chi] X (10, p = 1.4 X 10-2 
iCii) X [Sj = 8.5 X 10-** 

[Fc] X [OHp = 1.6 X 10-” 

[Fe] X (OHj* = 1.1 X 10-» 

(Fe] X (SJ = 1.5 X 10-“ 

|Hg;l X [Br]* = 1.3 X 10-=< 

[Hgj] X (Clp = 2.0 X 10-« 
dig,] X [I]* = 1.2 X 10-“ 

(Hgl X (OHp = 1.4 X 10-“ 

(Wgj X (S] = 4 X 10-** 

IK] X niC4H40,l = 3.0 X 10-* 
[KP X (PtCic] 4.9 X 10-* 
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SOLUBILITIES AND SOLUBILITY PRODUCTS AT ROOM 

temperature — Continued 


Subsiaoce 


La2(C204)3 

L&3(C4H40«)j* . • 

La(I04)3 

MgCOi 

Mga04 

MgFj 

MgNH^PO*. . . . 

Mg(OH)2 

Mn(OH )2 

,, ~ flesh colored 

MnS 


Ni(OH), 

^icleitst soluble 
^'“^alJotropioforni| 

PbBrj 

PbClj 

PbCOi 

PbCjO, 

PbCrO« 

PbPj 

Pblj 

Pb(IOj), 

Pb,(PO«),. . . . 

PbS 

PbSO« 


Solubility io 
Grains per Liter 

6.0 X 10-^ 

5.2 X 10-* 

1.5 

4.3 X 10-i 

1.0 

7.4 X l0-» 

8.6 X 10-’ 

4.9 X 10-^ 

1.9 X 10-» 
2.2 X 10"’ 
2.2 X 10-» 

5.6 X 10-* 
7.0 X 10-“ 


9.7 
11.0 

4.8 X 
1.7 X 

4.3 X 

2.9 X 

0. 8 X 

1. G X 

1.4 X 

4.9 X 

4.5 X 


10-^ 

10-* 

10-* 

io-> 

10 -‘ 

10-* 

io-‘ 

10 -“ 

10'* 


SrCO,. 
SrC*04 
SrF, . . 
SrSOi . 


TlBr 

TlBrO, 

TICKS 

TlCl 

Til 

TIIO* 

TliS 


Zn(OH), 
ZnS. . . . 


.5.9 X 10-» 
4.4 X 10-* 

2.3 X 10-* 

9.6 X 10-* 

4.0 X 10-‘ 

3.0 

3.2 

3.4 

5.7 X 10-‘ 
2.9 X 10"* 

0.1 X io-‘ 

3.3 X lO-*® 


Solubility in 
Molca per Liter 

1.1 X 10-* 

7.2 X l0-‘ 

2.2 X 10-* 

5.1 X 10-* 

9.3 X 10-* 

1.2 X 10-’ 
0.3 X l0-‘ 

5.5 X i0-‘ 

2.2 X 10"‘ 

2.6 X 10-« 
2.5 X 10-“ 

0.0 X 10-’ 

1 .2 X 10-“ 


2.7 X 
3.9 X 

1 .8 X 

5.8 X 
1.3 X 

1 .2 X 
1 .5 X 

4.2 X 
1,7 X 

2.0 X 

1.1 X 


10 -* 

U-* 

10-* 

10 -* 

10-* 

io-» 

10 '* 

io-‘ 

10 -’ 

lfl-“ 

io-« 


4.0 X 10-^ 
2.4 X 10-< 
1.8 X 10-* 

5.3 X l0-‘ 

1.4 X 10-» 

9.1 X 10'* 

1 2 X 10-* 
14 X 10-* 
1.7 X l0-« 

1.5 X 10-* 
6.0 X 10-* 

0.3 X 10-* 

3.5 X 10-“ 


Solubility Product 

ILal* X IC 2 O 4 )* X 2.0 X 10-® 
ILal* X C,H*0*1’ * 2.0 X 10'“ 
[La] X [10,1* = 5.9 X 10-« 

[Mg] X [CO.l = 2.6 X 10-^ 

[Mgl X lao^i = 8.0 X 10-* 

[Mg] X (Fj* = 7.0 X 10-» 

IMg] X [NH4)X[rO4) = 2-5Xl0-“ 
[Mg] X lOHl* = 1.2 X 10-“ 
[Mn] X lOHl* * 4.0 X lO'” 
[MnJ X IS) = 7 X l0-»* 

[Mu] X IS] = 0.2 X 10-« 

|Ni] X IOH]= = 8.7 X 10-» 

(Ni] X IS] = 1.4 X 10-** 

(Phi X IBrp = 7.9 X 10-* 

[Pb] X ICU* = 2.4 X 10-* 

IPh] X ICO,] = 3.3 X l0-»* 
[Pl,lXia04l= 3.4X10-“ 

(Pb] X iCtO,] = 1.8 X io-» 

|P1.] X |F1* = "-0 X 10-* 

IPb] X nr* * l -l X 10-» 

IPb] X 110, r- = 3.0 X 10-» 

IPbp X IPO,]* * 1.5 X 10-» 
(l>bl X |S| » 4.2 X 10-« 

[Pbj X [SO,! = 1.1 X io-« 

ISr] X ICO,] = l.G X 10-» 

[.Sri X 1C,0,] * 5.0 X 10-® 

ISi] X IF]* = 2.5 X lO-’ 

ISrl X ISO,] * 2.8 X IQ-’ 

|T1] X IBr] * 2.0 X lO"* 

(Til X (BtO,] X S.5 X 10-* 

[Tl] X ICNSj * 1.4 X 10-* 

(Til X (Cl] = 2.0 X 10-* 

(Tl] X in = 2.8 X 10-® 
rm X 110,1 = 2.2 X KT* 

I'l'lp X ISl « 1-2 X 10-« 

(Znl X (OIIl* = 1.0 X 10-“ 

IZn] X 18] = 1.2 X 10-« 


I r sources ami some nf the values arc based 

TliC above table is prepared from ^ considered inaccurate, 

upon solubility dcteruimations by methods \mi 
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s:.- u- - - ^ “ - =ft 

more would be justifiable for the mnri» « i m although it is obvious that 

figure is doubtful f^the erv tnXl ^“t^^taoces, though even the first 

different degrees by chauL In .eZe" f ^he values are affected to 

solution. A carefiU, critical study of ail the^”^ presence of other substances in 
.0 give .he proper ™mber „f ^gtfioen ' &“““ 

the exact temperature. ® would be necessary to give 

rT 

In niakiijg thc.-^c computation's it has denature for the solubility products. 

Pl^telv ioni.cd and no^allowa'c L m„dX 

that when water is saturated with calcium carhon-V*'^ i ^ is assumed 

and catLoiiiitc ion.s j,rc pre.sctil in the satin- t 1 i'^ eiunl number of calcium 

« n.attcr of fact, iK.wevcrXc is l'^^^^^^^^ ca_rbonate. As 

le-sults m the formation of IlCOr ions, and the OH"!- '''*^*‘^** 
than that of pure water, as is cjtsy to show bv test ^ ^""^^‘‘dration becomes greater 
ilCor -H on-. As a result of this ^ i ^ + H.O = 

t nu. othmvi.se w-ould. so tl.at the value tncl- t tlmTun 
dissolved i.s too .small if the solubilitv n7orh.../ ^ 

di.ssolvcd is correet. flicn the value of the soJunt weight of salt 

fiHgc. It Ls po.ssib!e to eompute the extent - f *'*'’'*^ *«« 

«tant3 of water and of the aeid and li Je cmn„I-^ 7‘” con- 

dilficult beean.se it involve.- the solving of n cubic c ^^‘»P«talion is 

erm. The common pra. liec of I <.giccl nVh -17^ ««« 

•oeausc the values aie md known aeeu - "hv e ^ 

f'd.or required to earry out tl.e .H>ees.sa,; el,^ 7 the mathematical 

|-:>^>ng allowanres for hydrolvtic effects evcra tl I !T^ invoWe^ in 

fiydu.ly.sis a.s in tl.c ease of calcium carbonat,- ^ 

of ;;:::::;:7::;^ 

value.s. Many of the values in ,1... t-d.ie P-'^Ii^hed 

^<'ident.s, published a number of nanm^T I'ohlrausch, 

Koliirausch value.s were l.o.-,] upon m-asn/ ISOO and 1Q03. The 

Koiutions ol, tallied by keeping the s-dt in c/ "V oleetrical conductivity of 
readied. liottg.-,- i,, iPOi pubI,-hVd consjd^M i ''‘I ‘ ^H^dfibrium was 

agreed well with vdiies obt.-one.l bv Kb-hlr-uLi/ -ri'tl’""* 

\ roducts can be computed fr„m the .solut.ilitv ..f ih ’ soIubiUty 

Li l.KH., Ueigcl published i he results of an nvt ^ explained. 

pulfid^. iiis results were al-i based .m7 T"''*' ^^e solubilities of 

establishing the relation between the molar ' , measurements, but in 

a-mned that the sulfides we.o ron.pield ^ ="-^^tnIity product, he 

I he values obtaine.l hv ^\•eig, I co . n ‘ , ' when .li-.«oIved. 

0,0 -r b..,, 

" tbt' alkahe.s and alkaht 


:er 

I DO 
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earths is less than that of the common salts of low solubilit}-. The Weigel values, 
however, do not account satisfactorily for the readiness with which the sulfides arc 
formed from solutions of varj'ing acidity. W eigel found, to be sure, that HgS is the 
least soluble sulfide but placed its solubdity at 0.054 X 10-« mole per liter. The 
solubility of ZnS was given as 70.6 X 10"«, that of MnS as 71.0 X 10-«, and that of 
FeS as 70.1 X l0-«. 

This does not agree very well mth the facts knot\*n with respect to the precipitation 
of cations with hydrogen sulfide. There is not enough difference l>ctween the solu- 
bilities of HgS, the least soluble sulfide, and MnS, the most soluble sulfide of those 
obtained in qualitative analysis. It is not easy to sec why HgS should be formed 
from very acid solutions whereas a very low concentration of acid serves to prevent 
any precipitation of MnS. The known fact that ZnS can be completely precipitated 
from a solution of low acidity in the presence of manganese ions, which arc not pre- 
cipitated, is also inexplicable because Weigel found MiiS to be of about the same 
solubility as ZnS. 

Bruner and Zawadski in 1909 made further studies of the solululities of sulfides 
with the aid of the mass-action law and solubility-product principle. At this time, 
daU were available concerning the primary and secondary ionization of hydrogen 
sulfide. With these new data, they recalculated the results obtaine<l by some iff the 
previous investigators. They found the solu))ility of HgS to 1)0 3.2 X 10 • or 

2.8 X 10"*^ by such recalculations, and their own value for MnS was 2.0 X 10”^. 

A similar state of contradiction prevails with re.s|)cct to solubility determinal ion of 
oxides and hydroxides. Values given by Hcmy and Kuhlinann m 1924-,) do not 
agree with those given bv Britton in 1925. Tints Rcniy ujid Kuhlmar.n found that 

1.8 X 10-* mole of ZiffOH): will dissolve in a liter of pure water, and the value 

given by Britton was 3.4 X 10“®. , . .. 

If one wishes to know how much of a precipitate will dissolve upon washing it 

with water, the values obtained by Weigel for the sulfides and by Hemy and Kul.l- 
mann for the hydroxides are undoubtedly more useful, but even their values may 
then appear somewhat low. On the other hand, if one wi.ff.es to predict whether a 
precipitation will take place or whether a separation can be made on the basis that 
one element will be precipitated and the oti.er remain in solution, the values of 
Bruner and Zawadski are much better than those of Weigel for the sulfides, and tl^..--e 
of Britton arc better than those of Kemy and Kuhlmaun for the liydroMde.s. This 

latter purrwse was in mind in preparing the above table. 

Some examples will be given to illustrate the method of computing the molar 
solubmty, and the .solubility product. .S>. A saturated solution of silver lodiile 
contains 3.0 X lO- g (= 0.0030 mg) per liter. Tl.e moleculur^we.ght of silver 

iodide is 234.8. The saturated solution, therefore, contains ■ = 13 X 10 » 

mole per liter. At this dilution the dissolved silver iodide can be assumed to be com- 
pletely ionized: + r 

and since I mole of silver iodide furnishes 1 mole of silver ions and 1 mole of iodide 
ions, it is evident that the solubility product, Sp, is for 

(Ag) X [I] = 11-3 X 10-*) X [1.3 X 10-*! = 1.7 X 10-" = Sp 

A saturated solution of silver phosphate contains 0.5 X 10'> g (~ 0.5 mg) per 
liter. The Bul,stance is much mure soluble in water than s. ver iodide, but its snlu- 

bmty product is smaller. The molecular weight of s.I^r phosphate is 418.7, Ihe 
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saturated solution, therefore, contains = j.e X lO"* mole of sUver phos- 

phate per liter, which can be assumed to be completely ionized: 

AgjPO* ^ 3 Ag+ -t- P04 

1 mole of silver phosphate yielding 3 moles of silver* and 1 mole of phosphate ions. 
The solubility product is 

[Agp X 1P0,1 = [3 X 1.6 X 10-‘p X [1.6 X 10"^] = 1.8 X 10'» = Sp 

As a still more complicated case, let us consider lead phosphate. The solubUity 
product, (PbP X (POd^ is 1.5 X 10-« li z mole.s of Pb.CPO^;, dissolve in enough 
water to make a liter of .solution and the salt is completely ionized, the solution will 
contain 3 x moles of Pb"^-^ and 2 x moles of PO«" ’ ", and 

108 = 1.5 X 10-« = 1500 X 10-» 

x® = 14. X 10-« 

X = 1.7 X 10-T 

The easiest way to get the hfth root of a number like 14 X 10-» is with the aid 

of logarithms remcml^ering tliat the root of a product is the product of the roots of 
the individual terms. 

The fifth root of 10"” is 10“^ 


log 14 1.15 

i of 1.15 = 0.23 = log of 1.7 

Hence if = 14 X 10" ”, x = 1.7 X 10-^ If the power of 10 is not divisible bv 
o, make it so. Thus -^174 X 10"« « ^14 X lO'^K 
I'he procedure for finding any other root i. .similar. 

Vc have already seen (hat in connection with small hvdrogen-ion concentrations 
t IS consent to ase the » negative logarithm " of the numLr. Thurin ("170 
the solubility product, .s>. K.Uhoff i„ his numerou.s publications uses the vdue 

= PS. If (he ^ohibilily product of Ag^PO, = 1.8 X lO"** then ps = 17 74 

- 7 — 

the Un t d states, one b.lho,, »s u tho.i.sand million and ono-billionth is 10-» Ohvi 


ak-nls of .-\g^ and 3 x ciuivalJiU of P(). ' ' Xh, * ^ 

[Agp X [IThl • Ihc nuiss-act ion-law expre.ssion 

IAb.I'O.I “ ■'■'■"“'I -f cuiuvnlnaions, but it is, on 

Iho wliolo, simplest and U-sl to e\i)n-<< «.,1..l.:i:»w t 

[Agl^ X [POd = 27 x‘ in a . .turat.a . .Int'i 'i and 

culcs of dk^olved silvi r phovpl.aie ro.u'nl. t.'lv i' '7 containing x mole- 

the quantity of dissolv7l su!.l ^o! 
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SaltEffert. It ha. aheady ^ '^Te 

BAy which forms the univalent ions and .4 , is 

OB • OA = ^BA 

where a. aad ax represent the activities of and A' respectively. Since 

a = c/ 

the mass-action law becomes 

[B*] \A^\fB-fA = Sba 

In this expression, Sax is regarded - “ '™ ““'“"al'i the !'L“s 'of /Jand /."may 
are not. In solutions containing ver\ httl activity coefficients can be 

be regarded as equal to unity - wat^r. K. however, an 

disregarded when a slightly J , ^ common with the precipitate, 

electrolyte is present in the solution which has no ion 

the values of fs and /a decrease and 
which means that the solubil^y of a 

has no ion in „ot be confused with the salting-out 

is what is known as the considerable sodium chloride is added to a 

effect which is sometimes obtained v hen 

colloidal solution. , , . a solution of 0.01 jV KNOj 

Some idea of the salt effect ®hown ^ 1^ f 
wiU dissolve 12 per cent more AgCl cn ^ qO 

volume of pure water. Similarh , . • • ‘ y^ivies illustrate the fact that the 

more calcium oxalate than pure « a er common with a precipitate is 

effect of an added electrolyte increases; the effect also depends 

greater a. the valence of the ion. of the precp.lale 

upon the nature of Hie ""Vtv » l'=H r'"'',"" 

Influence of Temperature on Solubi i y. will increase the sohi- 

becomes colder as the salt of Chatelicr; -Li'/ nlU ration in the 

bility. This is in accordance with the t ,,.„nibrium to he displace, I in such a 

lacU,TS which deunniew on effect !/ Ih' alirralion. M.M precipitate, are 

way 08 to oppose, as far ae possi , pronounced with sihcr 

the same volume of water at 10 . 

Fortruition of Complex Ions 

Silver chloride dissolves readily in diUf.e amnronia soltthon. The o - 

lowing reaction takes place. 

AgCl + 2 NHa 1=^ Ag(NH3)2Cl 

. .* - nf this new substance shows that it dLssociates 

A study of the properties of th s no 

in aqueous solution chiefly hi thus way. 


Ag(NH3)2Cl [Ag(NH3)d+ + C> 
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The ionic changes involved in the last two equations may be expressed 
thus: 

AgCl ^ Ag+ + cr Ag+ + 2 NH3 [Ag(NH3)2]+ 

and, in accordance with the law of mass action, the greater the concen- 
tration of the ammonia, the greater the extent to which the reaction 
takes place in the direction left to right. In a normal solution of am- 
monia, the ratio of the concentration of the [Ag(NH3)2l+ ion to that of 
the simple Ag^ ion is about 10^ : 1. The [AgfNHa)^]^ ion does not 

give many reactions that the simple Ag+ ion does. It is called a com- 
plex cation. 

When potassium cyanide is added to silver nitrate solution a white 
precipitate of silver cyanide is formed: CN“ -b Ag+<=i = AgCN but if 
an excess of potassium cyanide is used the precipitate dissolves 


AgCN -b CN' [AgCCN),]- 

and the silver has become a part of the anion. In this case the value 

0 the ratio of complex ion to simple ion is even larger than in the case 
ot the Sliver ammonia cation. 

Similarly, when insolulile ferrous cyanide is treated with an excess of 
P tiu.siuin cyanide, it dissolves, forming the ferrocyaiiide anion; 

Fe (CN). + 4 CN- (re(CN)e] 

This anion shows none of the ordinary reactions of ferrous ions. 

sol!:,;:;.:: - 

with nrutnil mol«ciilc< ..r 10 ns can unite 

a simple imi ad.k itirif nil iL'^uTo! itTi W, V " 

t7.e'trivulVnTcX,u'i™°rr“puld^ •’•'“ged.Thus 

ammonia, am, o„mp,e.s ion Ha., a tr3ehn J^He ti“7pL' 

+ c NIL [Co(NlL)e]-^-" 

Jw^u:::a,o7r7„",'Ti.rrer^^^ ™:p, ^ “ -^a. 

negativc ion t,m,'en,eri„gr„ /he compkx 

[Co(NILM^; [CoCNIL),-NO=]«; [co rCot^Ojb“| 

unites with the trivaldt cobalt ion 

-ts already indicatcfl, the stabilifv nf ih ^ ^ ^ 

plex i, very slahle the common reactions rf lbrconTI l™' , ‘''‘= 
aluminum ,u...e, e.,ta„iae 
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When this salt is dissolved in water, the solution shows all the reactions for potassium, 
aluminum, and sulfate ions, and there is little evidence of the formation of a complex 
ion. To determine whether a given substance is a double salt or a complex salt, it is 
customary merely to see whether the characteristic reactions of the simple ions are 
shown. A salt exists which has the formula KCrlC.O,)? • H-O. An aqueous 
solution of this salt readily shows the reactions for potassium ions, but reacts slug- 
gishly when tested for chromium cations or for oxalate anions. Evidently the clircH 
mium and the oxalate have united to form a complex anion with a negative valence 
of one, but this complex is not as stable as some of the others that have been men- 
tioned. It is probable that there is no sharp distinction between the double salts 
and the complex salts, and probably the double salts are most logicaUy to be class^ 
as complex salts of which the complex ion is not very stable. As a general rule, 
those complex salts which are composed of neutral salts of strong acids yield 
anions which are largely dissociated into simple ions in i utc so u ion. n i 
other hand, complex ions composed of positive ions and amons of weak acid>are 

usually very stable. 


IONIZATION CONSTANTS 

OF CERTAIN COMPLEX IONS 

(Ag+] X (NH)l- _ « V in-> 
lAg(NH,),+l 

iHgci,nci-i= _ J O jo_, 

IHgCl.-'j 

(Ag+I X (NOi ]* _ 1 R in-s 
lAg(NO,),-j 

lHg+41 icn* _ nnvin-« 

iHgCl. •'] 

lAir+l [SiOj 1 _ 1 n in-is 
(AgSjOr) 

fHg++) iBr-)* _ 00 ia-a 
lllgUr*--] 

[AfH-l (CN-P ^ J O ^ jo-« 

(Ag(CN)rl 

[ILr++l II"? _ 50 X 10-3* 
ingi. ■) 

[Cu+] ICN 1* _ r, n V m-” 
tCu(CN)« 1 

fCNS")* _ j rt tn-M 

IHgtt'NS), ] 

Reactions of the Ions 


As already indicated, most of the react, ons usea .n ^ 

aia involve reactions between ioas. We have seen that, ,n pr.n, , pk. 
all reactions are reversible and have learned to -'''''■'f 
laws which govern these revcsible react, ons. In '7' ’ 

it is necessa,y for the most part to employ react,ons ‘ ^ 

most completely in the desired direction. Unless a react on ' " « 
to go nearly to completion in a given d„ect,on, ,t ,s of tk. vaU uUa 
as a sensitive test or for furnishing a method of separation. The usefu 
reactions of qualitative analysis, namely, those wind, apparently go to 
completion, may be brought into four classes. 

1. Reactioas in which a gas is formed. 

2 Reactions in which a precipitate IS formed. 

3. Reactions in which a non-ionized snhstance ,s for,ned. 

4. Reactions of oxidation and reduction. 
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If a gas is formed as a result of a chemical reaction, usually all the gas can be boiled 
oiit of solution, and thus all reactions of this type can be made to go to completion. 
1 he reaction can be stopped by preventing the escape of the gas; this show's that 
the reaction is inherently a reversible one. 

Whenever a substance which has a very small solubility product is formed by 
means of a chemical reaction, the greater part of the substance wiU leave the solu- 
Uon in the form of a precipitate and the reaction will go practically to completion, 
i he table on page 21 shows that the saturated solution of silver chloride contains only 
about one hundred-thousandth of a mole (= 0.01 millimole) of solid salt per liter. 
Ihe table also shows that when the product obtained by multiplying the concentra- 
tion of the silver ions by the product of the concentration of the chloride ions in an 
aqueous solution is equal to 1.2 X 10-«c the solution is saturated with sUver chloride. 
By adding an excess of chloride ions to a solution containing silver ions, it is possible, 

iW it is evident that it will take lesi 

u-hon solubility product when an excess of chloride ions is used than 

uhen pure silver chloride is dissolved in water. 

The precipitated sliver chloride will dissolve completely in potassium evanide 
because he silver ion form.s with the cyanide ion a complex ioiMAg(C\).]' which 
S ionized to such a slight extent that the solubility product of si ver chloride is no 
onger reached even although all the chlorine is present in the ionic condiW 

anioL [AgCb]- 

Thc formation of a nori-ionized substance also caasos a reaction to go to completion 

l i ^ used exactly I.kc that of the solubility products to enable one to 
let her a reaction i.s hkcly to go in a given direction. The equilibrium be- 
tween water and its ions ^ and Oir 1 ,,. i>eon discussed on page 17 The"a^ 

-HE 3 ' ~ ”F ;; 

excels of H ' ions from the hv<i,MrV i • w . ' ' pre.sence of an 

type. To u„.lc.n.,a„„ ,„el, I;'™ 

and redact ion at ^rroiUoi leiiKth. ' * ^ ncce.s*ar) to di^scuss oxidation 


uxidatton and Refluction 

I.eat,.l in tl.o ai,-. is in Jlr ,V '’“"'S 

farnoua d.lnrido tln.t'f.Tri,. oviile bears o frrr m''''' 't'"" 

tn cai, .be e„an„. .rmus a.beri.ie' ir ^ ^ ^ 
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although it is not necessary to think that oxygen takes part in the re- 
action at all. This is an interesting example of a word in common use 
which has come to mean a great deal more than it originally meant, in- 
deed, chemists have departed so fai- from the original meaning of oxn/a- 
iion that sometimes the word seems inappropriate, and the use of another 
word, such as adduction, has been suggested. Reduction is the c.xact 
opposite to oxidation, and whenever one substance is oxidized some other 
substance is reduced. Hydrogen was formerly considered to be the 
typical reducing agent, so that the definition f<.r oxidation used to read 
something like this: Oxidation is the addition of oxygen (or its equi\ a 
lent) to an element or compound or the taking away of hydrogen (oi 

its equivalent). . 

The reaction between ferrous chloride and chlorine: 

2 FeCb -b CU 2 FeCb 

expressed in terms of the ionic theory liccomes 

2 Fc++ -b Cb 2 Fe+++ + 2 CP 

In other words, the bivalent ferrous ion hxs been 

ferric ion, and the neutral ehlorine moleeule luus bceouK' " ' ^ 

atively charged eldoride ions. In all oli.er r..aefu,ns m ' ‘ 

salt is oxidised, the valence of the iron .s u.ereased , 

conception of oxidation and reduction is sunuued up verj suuplj xs fol 

"'terdaifon involves Ike loss of one or n,ore ekrlron. 

valence of the element or ion is changed ,n the onposde d,ncl, on. 

According to the electronic conception of iCcil 

an element coiisists of pi^sitiydy c eUnm-ity is n.urh lawr tlmn 

ekdrons. The mii.s.s a.s.soci<ite(l \% ..I’ctrifity tlie cU-ctn.n.s are generally re- 

that with the equal charge of hcm _ . nuniltor of proUms plus 

garded as merely cliurgc-s of tioga iv , , ■ H mulliplo of the ntomic 

neutrons which make up the at«>m ’ wliicli loses an olcrtron thus 

w.5.Kf nf IhP f^lement. The originally neutral . tom «i . 


• the element. The origin negatively cha.ge<l 

po.sitivcly eharged and the ^ elements 

electron becomes ncKativcly charfin« , In tlio of the elect rcui theory, 

together in a 8o-culle<l chemicul electron and an clomefit is reduced 

therefore, an element is oxidized «1> '• -md at the same time ino-st com- 

when it receives an electron. I ‘ U/^^./Rni/i/osted. 

prehensive, theory of oxidation that ‘ es.sentially an electric pheiiomenuii. 
Oxidation, according to this t„ accomplish .)xi(latioii 

This theory suggests the thfuight t la u matter of fact, innumcnil.lc 

and reduction simply by means of electric encrg> . 
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reMtioM of oHdation and reduction can be made to take place in the electrolytic 
ceU. Using the conventional symbol e to designate a unit charge of negative elec- 
tricity and bearing in mind that the negative electricity is alone transferred and that 
the only way an element can gain in positive charge is by losing one or more negative 
electrons, we may express oxidations in the electrolytic cell as follows: 

Fe**^ — e 


Conversely, at the 


Such oxidations take place at the electrode caUed the anode, 
cathode, feme salts can be reduced to the ferrous condition: 

Fe+++ + e Fe-^ 

Not only may all oxidations and reductions be accomplished by the electric current 
solution. If a platinum electrode is placed in each beaker and rh«. ♦ • i 

liiisssli 

2 Fe-^ + S ' 2 Fe++ + S 

substances. Thus in the abnvA /' concentrations of the reacting 

can be greatlv in“'oared , vti^! “Sn' t 
former being more Inrgolv diseoefated aS H'' 

centration of the ferric ions. slackens, owing to the decreased con- 

istS?:; ehem. 

dichromalc, hydrogen peroride, npd ZZ7peroxZ7''’'^‘‘'''‘^'’ 

neutral halogen into halide anlLs. of the 

IS by ~ 
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The oxidizing action of halogen upon ferrous ions results in the forma- 
tion of ferric ions and of halide ions : 

2 Fe++ + CI2 -> 2 Fe+^ + 2 Cl” 

The action of halogen upon hydrogen sulhde is interesting. First of 
all, the sulfide ion is oxidized to free sulfur, 

H2S -i- Brj -»■ 2 H-*- + 2 Br' + S 

but, if the bromine is fairly concentrated, the reaction may go farther 
and the sulfur be converted into sulfuric acid; the whole reaction is then 

HzS + 4 Bra + 4 H2O -» SO4" + 8 Br' + 10 H+ 

It will be noticed that it is very easy to balance equations of oxidation 
and reduction by noticing the change in valence. In this last equation 
sulfur goes from a negative valence of two to a positive valence of six- 
making an algebraic change of eight, which corresponds to the l(^s of 
eight electrons by the sulfur atom and the taking up of eight electrons 

by neutral bromine molecule.s. 

The oxidizing action of nitric acid depends upon the reduction of Uie 
nitrogeu. The extent of the reduction d<.pend.s upon the eoueentrut.on 
of the nitric acid and tl.e nature of tl.e suh.tanco ox, d, zed. The mo.e 

concentrated the nitric acid, tlie less it i.s rediieed , t le iiioic conce i 
the reducing agent and tl.e stronger its ledu.Mug power tl,o gieate, tlj 
reduction of the nitric acid. Nitric oxide NO ,.s conunonly fo,u e^ 
but often other products sucli as nitrogen d.ox.de, nitions oxide, 

gen, and even ammonia arc produced. rrx_ 

In nitric acid, the nitrogen ato.n has five ™ K tf™ 

Biding upon it. When it is reduced to nitr.e ox.de, NO, it hiis onl> two 

positive charges, the nitrogen having accepted three elect, ons. Ihc 
reaction between a ferrous salt and nitric ai 1 is 

3 Fe«- + NO,- + 4 H+ ^ 3 Fe+++ + NO + 2 H,0 

The action of nitric acid on a sulfide is interesting. If Uic nitric acid 
solution is cold and dilute (0.3 N) ti.ero is hardly auy oxidation of the 

MnS + 2 H+ -• Mn++ + HiS T 

If the nitric acid is more concentrated (e.g 2 NT) and the solutmn j 
heated, the sulfur of the sulfide is oxidized to free sulfur. Tlms^for 
the reaction between copper sulfide and hot nitno acid each atom o 

sulfur loses two clectrorLS, and, in aoc»mpl,.sh.ng the 

of nitrogen gains three electrons. The reaction may be expressed thus. 

3CuS + 8H- + 2NOr -.3CU- + 4H,0 + 3S + 2NO 
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If the nitric acid is very concentrated, the greater part'of it is reduced 

only to NOo and the sulfur is oxidized to sulfuric acid. The reaction 
may then be written: 


CuS + 8 H+ + 8 NO3 -> Cu++ -}- S04“~ + 8 NO2 + 4 H2O 

The oxidizing action of permanganate depends upon the readiness 
with which the Mn04 is converted into a manganese compound of lower 
valence. In the permanganate anion, MnO,-, the manganese has a 
positive valence of seven.* Ordinarily, in acid solution, the perman- 
ganate is reduced to bivalent manganese cation, corresponding to a loss 
ot five positive charges, or acceptance of five electrons: 


IVInOi" + 5 Fe++ + 8 H+ Mn++ + 5 Fe-^ + 4 HoO 
2 Mn04~ + 5 HoS + 6 H+ 2 ]Mn++ + 5 S + 8 HoO 
2 MnOi + 5 Su-^ -}- 16 H+ — > 2 j\ln++ + 5 -f- 8 H2O 

2 Mn04“ + 10 HI + 6 H+ -^2 Mn++ + 5 lo + 8 H.O 


e oxidizing action of a chromate or dichromate ordinarily depends 
pon II, e formation of trivalont chromic ions. In the cliromate and 

f r C , r? “"“f 'f ‘■'‘“n a positive valence of sLx, so that 

or ich a om of chromium tlie reduction corresponds to a loss of throe 

idd Xtim' ®ri'' <'l«-troiis. Potassium chromate in 

acid solution is in equilibrium with the dichroraate: 


2 CrOr' + 2 n+ ^ 2 HCrOj- H.O + 
stm'rllth‘th,”'r‘'™"’ ‘‘ difference whether we 


C r,( ): + (5 + 1,1 11+ ^ ^ 

Cra h + y .S- + M 11+ _+ 2 (>++-+ + 3 S + T IhO 

Cr.t I, + 3 sn++ + M n+ 2 Cr+++ + 3 Si.+i+s + 7 H.Q 

<->+(), +(, I +MIJ+ _ 2 er+-++ + 3 i„ 7 jj„Q 

-’-''-■'if,n«c.nt and a^ « rcduemg 

pcriiiuiiKanatc to nmii..,mous"sidt"'^TT*^' '^i ** rfflucing 

;>.e cause of coLidi.raHe discus:!™ i^ 

I ^mto the details of sucii a discus-siori, but a simple explanatiorof 
charRes of compoi.oiUy" the algebraic sum of the 

valeut oxygen have Iteon neu,. h .' ' . ? of bi- 

for the MuOr. !•> tl.c f-valent Mn leaving one negative charge 
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this behavior will be suggested. In most compounds of hydrogen and 
oxygen, hydrogen has a positive valence of one and oxygen a negative 
valence of two. With hydrogen peroxide, also, it is best to assume that 
the hydrogen has its normal valence corresponding to one positive 
charge. If, then, the hydrogen has the positive valence of one. the 0 O 
group in the H-O-O-H molecule has a valence of two hydro- 

gen. In other words, the linkage of two atoms of the same kind together 
mutually satisfies one valence of each atom. Such a valence bond is 
called a covalence bond as there is no evidence of polarity betT\een the 

..ent .he 

group is changed to H=0 in wluch we — OT a neg^ 

tive valence of two and bivalent ^ ^ , . . . 

atoms of bivalent oxygen, wl.ioh corresponds to two reduemg umts 

2 Fe++ + HA + 2 H+ — 2 Fe+++ + 2 H.O 

The reducing power of hydrogen P-«^e al^ depends on ‘hej^-sence 

of;:::!; t:^= - 4- - 

soL other element . When an oxid.zmg agent ^ f 

or x^OzOz acts upon Hs 2 liberated two electrons are 

liberated from each molecule of II. V reduction of 

taken up by the manganese 01 coba , 

these elements. 

+ 5 H.O. + 0 2 Mn*+ + 8 H.O + 5 O, 

+ HA +2H+-.Mn^ +2IF0 + 0. 

+ HA +4H+-»2Co-«- +3H.0+0. 

™ , -a- fjrxTx rrf the more important oxidizing agents has 

The characteristic action of ™ ^ the characteristic 

now been considered bricH> . it oxidation in- 

behavior of the important reduc.n [ons ‘can be used to 

volves a simultaneous reduction, * 

illustrate reduction as well ^ , -etals depends upon the con- 

The reducing action 

version of the neutral hydrogen or ..ikalinc or neutral solution. 

Such a reduction may take place m acid, alkaline. 

t find reduction potential.®! wnfi known, it 

• Formerly, before the theory o oxi Oikinc iujueous (folulion to the 

was customary to refer many of the r«i u( niinie Kiveii tt> hytIroRcn in 

action of Nf-ent a co„.,>ound. 

the state in which it exists at the mom< • wnlfurous acid was attributed per- 
In the older nomenclature, the reducing action of .lulfurou. 


2Mn04 

MnO^ 

C02O3 
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(a) In acid solution, by the employment of zinc, etc.: 

Zn + 2 H+ Zn-H- + 02 1 

This reaction in itself represents both an oxidation and a reduction, in- 
asmuch as the metallic zinc, which is eleetricaUy neutral, becomes 
changed into zinc with two positive charges and, on the other hand, the 
hydrogen ions from sulfuric acid have each lost one positive charge and 
become electrically neutral hydrogen gas. 

If some other ion easier to reduce than the hydrogen ion is present in 
the solution it is possible that no hydrogen will be evolved. Thus zinc 
can be amalgamated so that it will not react with acid and yet will re- 
duce ferric ions to the ferrous condition: 

2 Fe+++ + Zn Zn-^^ + 2 Fe++ 

By the action of zinc and very dilute sulfuric acid, it is easy to trans- 
form silver chloride into metallic silver: 

2 Ag+ + Zn Zn++ + 2 Ag 
or an arsenite into arsine: 


HsAsOs" + 3 Zn + 7 n+ -* 3 Zn-^ -|- 3 HjO + AsHj t 

Tlic i-osult of this last equation is the oxidation of zinc from the metallic 

condition to tlic liivalont stale and the reduction of the arsenic which 

IS {Tiveii three negative eliaittes in place of the three positive charges 

It lias m lI.AsOj . Thus each As atom loses six positive charges and 

each /ii aloiii gains two, so that it takes three Zn atoms to reduce one 
lisAsv h anioih 

(6) In alkaline solufk.ii, by means of zinc, aluminum, sodium amal- 
gam, or by Devarda's alloy (Cu = 50, Zn = 5, A1 = 45); 

Zn + 2 Oir -* ZnOa"" + Ho ] 

2 A1 + 2 OH“ -h 2 HaO 2 AlOo' + 3 T 


haps to the “affinity “ that thi. substance had for oxvgen. If the oxvaen was 

obtained from water, then the hydrogen at the moment it was set free wi^Ssu3 
to be Ciinublo of eniisinif i i . . urnea 


_ . ^ u me inomeni it was set free was assnmpH 

sim i ” I'ausing reductionn uhich hydrogen could not ordinaaitiiccoraplish 
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With Devarda’s alloy, the reaction is completed much more qnick.y 
than by the use of either zinc or aluminum alone. Nitrates and cl.V“ 
rates may be reduced in a few minutes by means of Devarda’s alloy an’H 
a few drops of sodium hydroxide; the reaction also takes place in neutral 
solution, but it takes considerably longer : 

NOa" + 4Zn + 7 OH“ -» 4 ZnOa"" + 2 HiO + NHj 
ClOa" + 3 Zn -H 6 OH“ -> 3 ZnOr" + 3 H 2 O + Cl 


In the nitrate ion nitrogen has a positive valence of hve; in am- 
monia it has a negative valence of three. By the reduction with zmc, 
therefore, the nitrogen loses eight positive charges, or accepts eight 
electrons. At the same time the zinc loses two electrons, forming, in 
a neutral or alkaline solution, the zincate anion. Thus one atom of nitro- 
gen in the nitrate ion requires four atoms of zinc to convert it into am- 
Similarly, the chlorine atom in the chlorate ion has a positive valence 
of five and is reduced to a negative valence of one by the reaction with 
zinc in neutral or alkaline solution. Thus one chlorate lo.i reacts with 
three atoms of zinc. Inspection of the above equilibrium expressions 
shows that one could predict that the reactions would take place best 
in alkaline solution in accordance with the mass-action law 

Reduction by means of sulfurous acid takes place in moderately acid 
solution and depends upon the fact that sulfur is more stable when it 
has six positive charges, as in sulfuric acid, than when it hiis only four 
as in sulfurous acid. Ferric salts are readily reduced by this reagent, 
and since the ferric ion gains only one electron while the sulfur atom 
loses two, it is evident that one molecule of sulfur dioxide (the anhydride 
of sulfurous acid) will reduce two atoms of iron in a ferric salt : 

2 Fe+++ -1- SOr" - 1 - H,0 ^ 2 Kc”- + SO.- -1- 2 H+ 

In a similar manner, the arsenate ion and many other substances arc 
reduced very readily by means of SO, or SO. 

HjAsO." + SO,— -• HiAsO," H- SO, 

An excess of aqueous sulfurous acid is added to the solution which is to 
be reduced; it U then heated to boiling; and the boilmg is continued 
while a stream of carbonic acid gas is passed through the solution until 

the excess of sulfurous acid is driven off. ^ . . , .u . 

Reduction by means of hydrogen sulfide, m which the sulfur atom 
possesses two negative charges, depends upon its oxidation to free sulfur 
which is electrically neutral. Thus two atoms o ferric iron are reduced 
to ferrous iron by one molecule of hydrogen sulfide, and one molecule 
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of potassium dichromate reacts with three molecules of hydrogen sulfide: 


2 Fe+++ + HzS 2 Fe++ + 2 H+ + S 
CrsOr" + 3 H 2 S + 8 H+-^2 Cr+++ -f 3 S + 7 H 2 O 


One objection to the use of hydrogen sulfide as a reducing agent is the 
difficulty involved in the subsequent removal of the precipitated sulfur 
by filtration. Moreover, hydrogen sulfide Is used in qualitative analysis 
chiefly as a precipitant. If a solution contains an oxidizing agent (such 
as nitric acid, chloric acid, chromic acid, etc.), the sulfide ion will be 
oxidized and there will be separation of sulfur. Any sulfide obtained 
will be largely contaminated with sulfur, which renders the subsequent 
examination more difficult. If the solution contains no metal which is 
precipitated by hj^drogen sulfide, but contains oxidizing agents, it will 
still cause separation of sulfur. One is often in doubt whether there is 
not some sulfide mixed with the sulfur, and is therefore obliged to ex- 
amine the precljiitate further, which is often unnecessary if the oxidizing 
agent is previously destroyed. Hydrogen sulfide reduces 


Halogens: 
Nitric acid: 
Cliloric acid: 
Ferric salts: 
Dichrotnuto 
Perriuinganatc: 


HoS -b Cl-> ^ 2 H+ + 2 Cr + S 

2H*- + 2N03' + 3H2S -♦4H20-l-2N0t +S 
CIO 3 ' + 3 II 2 S -^Cr 4- 3 H.O + 3 S 

2 Fo^ -b H,S ^ 2 + 2 H+ + S 

Ci-uO;” + 3 HoS + 8 1-I+ -> 7 H.,0 + 2 + 3 S 

2 MnOr + o H 2 S + 6 8 H.O -b 2 Mn-^- + 5 S 


and many other substances. 

Reduction with stannous chloride takes place usually in acid solutions. 
Tlie reduction depends upon the fact tliat stannous ions are readily 
ehung(!d to .stunnie ions; 


bn-*+ + CI2 Sii 


-t- ^ c. i 


or 


SnC’U- 4 Ci2->SnCV 

I’erric salts, chntmates, permanganates, mercurie ssdts, and manj" others 
are reduced in this wav: 

2 Fe *-*->- 4 -> 2 Fe++ 4 80 ++++ 

2 CrOj 4 3 Sn+ i- 4 10 11+ — v 2 Cr+'*^ 4 3 Sn++++ 4 8 H^O 
2 HgCb 4 SuH- _|_ Hg.Cb 4 2 Cl" 

Hg,Cl> 4 Sn++ _> 4 2 Hg 4 2 Cf 

SnCl. ami SnCt. Uv,ir.>lv/e rea.Jily and form precipitates .so tlmt IICl is alwavs 

added a, ul snU, ' and SnCI.- - aro f<,rracd rather than Sn« and Sn+“« 

m all tbcic reacUons. 
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Reduction with hydriodic acid depends upon tlie change of the iodine 
anion into free iodine. Most substances that are capable of being ox- 
idized or reduced readily can be made to react with either hydriodic acid 
or with free iodine. It is easy to detect the presence of free iodine, and 
for this reason the iodometric reactions are extreme y important in the 
study of analytical chemistry. To prevent the oxidizing effect of free 
iodine, an excess of potassium iodide is usually required and means are 
often taken to remove the iodine as fast as it is formed; this is in ac- 
cordance with the mass-action principle. 

2 MnO.- -1- 10 r -1- 10 H+ -* 2 Mn++ -b 8 H2O -1- 5 
CrjO,” -b 0 r -1- U H+ - 2 Cr+++ -b 7 H.O -b 3 I, 

2 Fc"*^ + 2 I~ — » 2 + h 

Electromotive Series ami Electrode Potentials 

If a substance like sugar lies as a solid on the bottom of a beaker filled 
with water, the molecules of sugar tend to distribute themselves througli- 
r“solution; in other words, the sugar dissolves. The tendency o 
the solid molecules to pass into solution may be regarded as the result 
of pressure and, in fact, it is customary to say that the solid substance 

eventually, with the aid of diffusion, the 

liauirt^reach a stite of saturation. The liquid then contains an 

^ I . nnntitv of sugar in all its parts and, at the prevailing toinpti- 

X'e wTl not dissolve any more sugar. There must, therefore, be some 

f ’ \ w.h arts in opposition to tlie solution pressure and prevents a 
force winch acts m „f the solid substance. 

Thilfoli ^ "he osmotic pressure which the dissolved mol,. rules exert in 
Ju I In a saturated solution, the osmotic pre.s.sure, which is 

the feoluti . number of molecules of dissolved sul>- 

itself ‘‘<^‘'-7;;“l "rature exactly balances the solution pressure of 
fheXlid substance The proc..s.s of di.ssolving a solid silbstan,-.- involves 
T. Me I effects. This Is also true when the dissolved substaiwe is 
an OTdinary electrolyte, because an e<,ual number of positive and nega- 
. f 1 n,w1 fliPir is no electric disturbance. 

“ ThrmXir^tes,' tlunigh usually to a much less d,.gree, also 

t U/.rifv to dissolve when placed in contact with watei . In thw 

cair however an oxidation takes place, for. to the extent that it dis- 
T’ metal Is converted into eh'ctrieally charged ions. Ihe tend- 

case of the sugar, the osmotic pressure of the dissolved ion 
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acts against the solution pressure. The electrolytic solution pressure 
has a definite value which is chai-acteristic of each metal. 

If a metal such as zinc, which oxidizes fairly readily, is placed in a 
mturated solution of zinc sulfate, none of the metal dissolves If H is 
placed m contact with a dilute solution of zinc sulfate, the solution pres- 
sure of the zinc IS greater than the deposition pressure and some posi- 
tively charged zinc ions pass into solution. Thereby, the metal itself 
acquires a negative charge and the solution a positive charge As a re- 
sult of the charge residing upon the zinc ions that have gone into solu- 
tion, an electrostatic force is produced which seeks to force the ions back 
upon the metal. This electromotive force is added to the osmotic pres- 
sure of all the zmc ions in solution and it increases rapidly with the 
number of ions that dissolve from the metal. When the sum of the os- 
motic pressure plus the electromotive force is equal to the electrolytic 
soli t on pressure of the zinc, the zinc stops dissolving. 

I hen a le.s.s-rcadily oxidizablc metal, such as copper, is placed in a 
copper sulfate solution the relations are reversed. In this case, except 
n ex rune \ dilute .sniution.s, the osmotic pressure is greater than the 
.olu ion pressure and the metal does not dissolve; on the contrarv, a 
of tin; copiier ions are drscharged on the metal, giving to it a oosi 
t.ve charge while the solution becomes negativelv charged Eqidht 
established as soon as a few of the ions have ^n 

be audits solution, or, us it may 

oxidatim polndinh, ^ ^ negative potentials applies to 

In tables of eleetrofic nntentialc tK,> oii on 
and since tlic chomLt tlunks of lho alkali rrW ds^" 

nictaL, It seem.-- natural to a-ssjy,, po-itivc value M \ other 

an electric circuit, such as that al.tained ui,l. tL D.nicII ceuTn ul 

IS copper m a solutiim uf em.ner .sulfate <.n.l tl.r. *1 electrode 

■'f ^inc .sulfate, the positive t., negative direcli.ln (wlXl' solution 

How) is from the copper tu the uiic -a ih.- t r * reverse of the electron 

The decision, tlierefole. . purllv arlillrtv X 

or negative to .inc, for ,t depends upon whVthe^ om'is'thfnk- 

electrolyte. Tlie cheniLt naturally thinks of th, ‘he wire or of the 

of the wire. This loads to enfu'i, t j he Ph.vsieLst thinks 

and the numerical values in the tables of 
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electrode potentials are given sometimes with negative signs above hydrogen (arbi- 
trarily taken as 0) and sometimes with positive signs. This matter has been referred 
to an internacional committee of scientists who have recommended that elements 
above hydrogen be given a negative sign in the table of electrode potentials. These 
electrode potentials are often called oxidation potentials and since reduction is the oi>- 
posite to oxidation, some chemists persist in regarding zinc as positive to copper but 
call the table one of reduction potentials. This practice was followed in previous 
editions of this book to conform with the wishes of some of the writer’s colleagues. 
Since most textbooks have adopted the nomenclature of the physicists and readers of 
this text may wish to consult other books, it seems best to define the electrode po- 
tentials in the conventional way. 

Simple contact of a metal with a solution of its ions usually results in 
a potential difference between the metal and the solution. Such a po- 
tential is determined by the relation that exists between the electrolytic 
solution pressure of the metal and the osmotic pressure of the solution. 
Equilibrium is soon reached in most ca*es and tlie simple contact of a 
metal with a solution of its ions is not a permanent source of electricity. 
If, however, two metals of different ijotential are placed in contact witli 
their respective solutions, and tlic two solutions are in electrolytic con- 
tact with one another, then electric charKcs of different potentials 
result, and if the two metals arc connected outside the liquids by a wire, 
an electric current flows from tlie hig;hcr potential to the lower. Since 
the original differences in potential between the sidutions and the metals 
arc constantly being reesta!)lished, a permanent current results. This 
is the principle of the Danicll cell, in wliich a normal solution of copper 
sulfate Ls separated hy a poroii.s partition from a normal solution of zinc 
sulfate. A zinc rod is placed in the zinc .'^ulfatc solution and a copper 
plate in the copper sulfate solution; the euri-ont flows through the wire 
from the copper to the zinc and through the solution from the zinc to 

the copper. 

In the case of metals, cledrolylic solution tension and oxidation potential 
refer to the same property. 

Nernst, who w'as the first to suggest the above explanation of the 
origin of the electromotive force on the basis of the relations of osmotic 
pressure, has w'orked out a formula for computing the potential diffei- 
ence which exists at the place of contact of a metal with a solution of its 
ions. If E denotes this potential in volts, R the gas constant expressed 
in volts X coulombs/ F the electroclicmical equivalent or quantity of 
electricity borne by one equivalent weight in grams of the ions of any 
metal, n the valence of the ioas, P the electrolytic solution pressure, 
p the osmotic pressure, and T the absolute temijcrature of the solution, 


• Joulia or watUsecoods. 
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the Nemst formula reads : 



Substitutmg the numerical values for R (8.32) and F (96,500), dividing 
by 0.434 in order to use common logarithms, and assuming the ordinary 
room temperature to be 25" C ( = 298" absolute), the formula becomes: 


E 26 * = 


0.059 


n 


t) 

log^ volts 


Since m dilute solutions the osmotic pressure is proportional to the con- 
centration, c, of the solution, the value c can be used in the equation in- 
stead of p, and similarly the concentration C (hypothetical in many 
cases) which is equivalent to the electrolytic solution pressure can be 
substituted for P, and the formula for the electrode reaction 


becomes 


M ^ iV" + ne 


^ _ 0.059, c 

fhoToatVZ" f ‘t? 

tiK logarithm of the denominator, the equation can be written 

T. O.OoO „ 

c - log C) 

= “0.059 log C -f- 0.059 log c 

In this equation, the value C is a constant and is a measure of the in 

duect . II, hoivcver, tlic concentration c is one mole per liter th™ 
Ind we hi™ “ disappear^ 

= -0.059 log C = Eo at 25° 

tables of normal potentials To 

» • * * 

£25* = Eo -f- 0.059 log c 

Tlie folloning table sl.ows the normal potentials nf t. . 
and tour non-metals; a nmre co.nplete table is shown on pag^e db” 
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normal potentials 


Li-*- + e 

K+ +€ 

Na"^ -p € . . . 

4Ba++ + 2c. 

-» Mg+-" + 2 e 
+2e. 
— » S "p 2 • • • • 

■» Fe-^ +2e. 

-►Cd++ +2e. 
-*Co-^ +2e. 
-» Ni-^ + 2 e . 
Sn-^ + 2 € . 
Pb++ + 2 e 



Electrode Reaction 


-3.03 

-2.93 

-2.72 

- 2.8 

-1.5 

-0.76 

-0.55 

-0.43 

-0.40 

-0-23 

- 0.22 

-0.14 

-0.13 


Electrode Reaction 


H-" + € 


SI) -» Sb+++ +3e .. 
As -» As-^ + 3 c . . 
Cu Cu^ + 2 e . . 
r 

2 ng-Hg:^+2c 


Eo 

(volt*) 


Ag— ►Ag'*’ 

+ «• • 

1 

^ h Ur . + c 

lOg 

+ 2H 

^ + 2 

cr 

-^iCl 

g + C 

Au 

Au^ 

+ e . 


H,0 


0.00 

+ 0.2 
+ 0.2 
+0.29 
+0.34 
+0,58 
+0.80 
+0,80 
+ 1.10 
+ 1.23 
+ 1,36 
+ 1.0 


The theory of oxidation and top 

tentials. The stronger reducing agents t t ^ potential -0.76 volt) 

oxidizing agenU arc at the bottom Cu = +0.34 volt ) . zinc 

is placed in a solution f J c,.U ions will he reduced and form cop- 

will go into solution and forii Zn • to metal and the zme 

per metal. In other words, the ‘ taken place in the directiou 

has been oxidized by cupric ions. 1 lu- 

Zn -» + 2 e. 

and the copper reaction in the direction 

Cu^-^ + 2 c — Cu 

.• . WKon the zinc and copiicr terminals 

The DanicU cell is ba-sed upon ^IcctroiLS in the electrolyte from tlie 

are connected by a wire, there will Ik of Uc ^ ™„ventinmd 

copper to the zinc and m bv an arrow showing the positne- 

to designate the directum of the p, tlie direction in which the electrons 

to-negative direction which ls exae ^ p„Mlive to the zinc in the wire, 

flow. In the Daniell cell. \‘'7'’^‘^'^^,J‘'^;:|;rrL.s.ance of the solutions and of the 
Disregarding small potential ‘*'•‘6" ,i„c svdfatc solutions are 

wire, the b.m.f. of the (k 41 uh potential of zinc 

both molar will Ik tlie differen ^ ^ namcll cell 

and the normal potential of thus the oxidation potential of the 

is used, the concenlrntion of iuereascs, raising the oxidation potential of 

zinc and the concentration oi uic v..u 
the copper. The Nerust equation 

Bh0W8 that the oxidation potential "''J, i'* 7.9 x lO'* .noles per liter 

- . 0 - ...ole p. ,iter. . 1.1 d,.„,ve 


Eo + ® 
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only about 5 moles of 2nS0« per liter, and the quantity 7.9 X 63.6 X 10~>a represents 

an infiiutcsimal concentration of copper ions so that we may say that metallic zinc 

will precipitate copper completely from its solutions. In fact, such a displacement of 

bivalent ions can take place practically completely if the normal potentials of the 
two metals are 0.6 volt apart. 

From the table of normal potcntiaU, we would expect zinc (eo = -0.76) to pre- 
cipitate tin (e« 0.14), and this is the case if the solution is neutral. If the 

Lt f f ^ ° ‘in from its molar 

to S oH^ ® Mrogcn gas until the potential of hydrogen becomes equal 

Eji* — —0.14 = 0.00 0.059 log c (for hydrogen) 

log c = — — — =—2 4 
** 0.059 

c * 4 X 10“5 or Pa = 2.4 

alkJb r to understand why the alkali metals decompose water to form 

sZll “ Tl r 1 conditions is 

liZ \ V very slightlv; the table on page 17 

gives 1 Ls lomzatmn pnaluct a.s 1 x 10-“ at 25“. The o.xidation potential of hvdLen 

I gainst such a very dilute .solution of hydrogen ions is not 0.0, as given in the table 

bi t It IS nearer the zinc value. If the ionization product of water wem Q-^ t S 

viUue would be approximately that of zinc. According to the oxidat^poLiilu 

t hoKfore, we should expect zinc to decompose water with liberation of gaseous hv’ 

dioj,eu. As a matter of fact, zinc is ...xidized somewhat l)v contact with water and 

hvihueen Imr ft . "X' ‘ire zinc ions and free 

ill ciiuililirium ivilirtli'!" " '' -i •*' ' solution ami this is 

snlvni.* ‘ ''■'■‘I'-oBe., tons untii ali the rinc is ,iis- 

p n, ion' .he eati;:!;;:; ^'^p-p 

overcome to cause elect roll . ic del, ositi,,,,- ' P"‘0"'>“> "Inch must be 

is posstble to accompUsh eiee.ro.vtie separations. The ‘tlielXTim, from m„' ‘r‘ 

:i;r i: xxein:;::^:- r :::ed':i 

ottii r motals. This .so. alledTr'X it" -<• 

llic quonlilativp deposition of this mel d In- ele ”'7''''"' P"'™‘ 

tnetic acid and sodium acetate. Tl,c v-,l„es d ™ ■'>''»«>"* Mntaining 

ourmal discharge of hvdrugt-n m.l if ih^ ^ 

constdered, it bHn. the oXX ~ ^ 
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solutions 0.34 volt more is required to form hydrogen gas than to deposit jppen 
Therefore, copper is deposited from Cu*-^ solutions before g«i£ is 
aDDlicatioQ of the Nernst formula we can compute the concentrations of H 
Cu++ when it will be equally easy to deposit copper or liberate hydrogen gas. Fo 

copper the Nernst formuia gives 

(1) = 0.34 + log c 

Let us assume that is is desired to deposit copper from 100 ml of a solution wWch 
is 1.5 molar in when aU copper has been deposited and that quantities 

to that of the Cu-*-* remaining in the solution. 

The potential of hydrogen is 

Bij. = 0.00 + 0.059 log c 

, . , o 1-ft anH P a. = 0 176 X 0.0.59 = 0.010 for hydrogen in 

L Wal^oLuo; iflir Pllinrg this ^a.ue for n.. in equa.ion ,1 , wc get for copper 

0.010.5 = 0.34 + 0.0295 log c 

-0.330 
c - 0.0295 

c = 0.3 X 10'*= 

This shows that the concentration of Cu** is reduced to 

63.6 X 6.3 X 10-‘= 4 0 X lO-* mg in 100 ml 

10 

before it is equally ea-sy to discharge ID from 1.5 molal solu.ion: in other words, a 
negligible quantity of tenaams n, solutm^^ 

"lrtoTahr;.araran eicclode. The genera, equation can he written 

Qx 4 . ne *=5 Red 

in which Ox represents the oxidising ion and Red is the reducing ion. The general 
expression for the Nernst equation is then 

0.059, \Or] 

B16’ = Eo + -;r 


= - 11.2 = 12.8 


UM 


j . j . Krttb of the concentrations must l)e molar. This means that 

and in determining Eo both of 1“® « ^ , concentrations of both the 

in applying the Nernst .on e no 

oxidised and reduced ,ons ‘ , 3,,^,, ,|,e solution was 0 and 

LttXid p-- 

reaction such as ^ ^ ^ ^ ^ , Cr- + 7 ILO 

. f a^L 4-xx« ia niso influenced by the concentration of H'*', and its con- 

the progress of the reaction is , e„ value. Tlie tulik- of normal vK-ctrodo 

centratiun --t U- molar in dc ^ i;- 

m the ev,.ry 

involved is molar. 
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The above reaction is not as easily reversible as that of 

n,.'\s 04 + 2 + 2 c HvVsO^ + HsO 

whicli can be made to take place quantitatively in either direction by merely regu- 
lating the concentration of U+. The normal oxidation potential for this electrode 
reaction is O..*)? volt. 

For any other concentrations, the Nernst equation is 

,;,.=0.57+5f2,„g!H.i‘<O.l |H*|> 


This last equation can l>e wTitten 


llL.lsOaj 


E-:.. - 0.u7 + ^ loR log (H|. 

and in this form can be used to calculate the effect of changes in [H"-] at a definite 
lHjAsU4l to [HjAsOa) ratio. 

TABLE OF OXIDATION POTENTIALS 

In all the reactions indicated, sulwtaiices soluble in water are supposed to be 

present to tlit* extent of 1 mole per liter. Thus the potential given for Li at the top 

of tlie table that of nu iallic lithium .against a molar solution of liiliium ions For 

til- pofen.tal Ir. ' - I-V ' ^ it is a.^sumed that both Fe‘ - ami am pre.s-nt in 

m-.lar solum, ns. Ihe potentials an- referred to that of l.ydrogen ugain.st an 

c ectrode of r.latmu.n bl:u-k. In l.uilding up a cell from two elements in this table 

l.af <-lcm,mt will be positive whieh lU-s below the ..f her element in this table. IleavJ 

ty>e sigtufie.s .a sole! Ii the signs are reversed the table beeome.s one of Reduction 
I ^ nils. 


H f jfr 


u 


Li . • T.i *■ *• . 

K . • !x- 4- c 

Na . ‘ \,-r* -f , 

Ba . • Hr ■■ -I 2-^ 

Sr . • Si -f- 2 

Ca . • ( 'a‘ ’ -f 2 -■ 

Mr. ■ .Mg-- 4- 2c 

Ai . • .\b -f :u> 

Mn , • Mil ‘ * -I- 2 c. . , . 

2n . • Zii • ’ 2 «• 

Cr . -• ( ’i ' • • 2 « . . , 

S ■ . ■ S -i- 2r . 

^ 'dl . Si- lit) 

Ag -J 2<'\' , • Agfex 
Fe . • Ff- * - 1 - -j . 

C() . • < M- • f 2 . 

•JCu -L 2 011 . -Cu O ; [| I > 
' 2 . 

Pb i - .Ml, . • PI, SO. I 2r 

T! . ■ 'l l- , , 


4- 2 

f- 


Ki 

: n:; 

' ‘ ' I 

•. I 

► •« > 
J S 

• I 

~ « 


2 ' 


iicaction 


1 

1 

-1 1 
-It Ti'i 
0 (5 
It 


Co . • ( 'i I • • 4- 2 c . . 
Ni . • .\i- ’ 4- 2 I 
, ‘ " V*-' 4-r 

j Cu - 1 Cul 4- C 

I Ag -F r ;=,• Agl 4- <; 

' Sn . • Sn “• -F 2 . 


Pb , ■ I’b* ' 4- 2 c 

Ii Fe.- Fe'*”*- 4- :ie 
:!Ti--zeTi--t 4-, 

' iI:K.-LS i-.- 2 H • 4- 2 c 

. Sn . ' Si,--^ 4- 4 <■ 

“ , -S.O, - 4-'4 c . '. '. 

" 'I ! Sb . • -F •• 


fir . 



I) i:i 
') Ml 


;si. 

iBi. ■ -f 3t. 

'I -i ..-iior 4- 011,0 

i\ ') i . . > - 


0 
n 


\0 ‘ 


I ^ 1 


Ak - ( V . ‘ AgCl T- r. . . 


ICo 


-0.23 
-0.22 
-0,2 
-0 17 
-0.14 
-0, 14 
-0 12 
- 0 04 
- 0 . 0-1 
-O.tFI 
itO.tKl 

-vO o;i 

-1 0 13? 
+ 0 2 
+0.17 
+0.20 
-i 0.20 


+ 0.21 

+0.23 
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TABLE OF OXIDATION POTENTIALS - Con/mufd 



HgjCli + 2 Cr 2 HgCL + 2 1 +0.24 

I’ + 6 OH" ;=i 10, + 3 H::0 

+ 6. +0-22 

2 He + 2 Cr j=iHg,Cl2 + 2 c. +0,2( 

As As-^^-*- + 3 

Cur±Cu++ + 2c +0.34 

2 Ag + 2 OH" ^ AgjO + HiO 

-)-2c +0.35 

V+++ + H,0 VO^ + 2 ID 

+ e +0-1 

40H"5=i02 + 2Hi0 + 4c.... +0.41 

Co^Co*+* + 3e 

Fe(CN)«' «=iFe(CN)e 

+ e 

i Br,® liq. + 6 OH" ^ BrO, + 

3H,0+5c 

Cu!=iCu+ 

MnO, + 4 OH" MnO*" + 

2H20+3e +®*^- 

rj=iii>+e I +**■''** 

H,AsO, + HjO n,.\fiO, + 

2H+ +2c 

Br' + 6 OH" BrO, + 3 ILO 



Tl 52 TD++ + 3 

Fe-^ 52 Fe+-^ + c 

Ag 52 Ag* + 

Hg;^ J (Hg2)*^+€ 

H,0,52 0, +2H* +2c 

Cl, gas + 2 OH 5^ 2 IICIO + 



Hg52 Hg**+ 2e 

Hg,*+52 2.Hg*^+2c. ..._..• 

NO gas + 2 11,0 52 NO, + 
4H*+3e 

1" + 3 n,0 52 10." + 0 ID + 



2 OH" 52 H,0, + 2 e 

Br" 52 i Br, liq. + e 


10," + 6 H* 


+ 


+0.58 

+0.60 

+0.72 

+0.75 

+0.S0 

+0.S0 

+0.85 

+0 . SO 
+0 'J2* 
+0 05 

+ 1.0 


A, L + 3 H,0 ; 

+ 5 

Au*;=Au*** +2c. . . . 

\ 0^* + 3 HjO 52 VO, 

GID +c 

TP 52 TP** + 2c 

2H,052 0,+4ID + 4c... 

Tl* 52 Tl*** + 2 c 

Au 52 Au*** + 3 c 

2 Cr*** + 7 ILO 52 Cr-O; 

+ 14 II* + 6c 

Mil** + 2 H,0 52 MnOj + 4 H* 

+ 2c 

}Clo&i.s52Cl +e 

Pb** + 2 H,0 5i PbO, + 4 ID 

+ 2c •_ 

Cl" + 3 IljO 52 CIO, + 6 ID 

+ Co 

Ce*** 52 Cc**** +c 

i Br, + 3 11,0 52 BrO," + 6 ID 

+ 5 

Br"+ 3 ILO 52 BrO," + 0 ID 

+ 0c 

Au 52 Au* + e 

CP + 11:0 52 llClO + H* + 

• 

Mn** + 4 11,0 52 MuO, + 

8 ID + 3c 

MnO, + 4 H,052Mii04 +41D 



211,0 52 ILOi+2lD + 2c.. 

* Cl, gJis + 11,0 52 IICIO + 

ID +c 

Co** 52 Co*** +c 



+1.2 
+ 1.21 
+ 1.23 
+1.24 
+ 1.3 

+ 1-3 

+ 1.35 
+1.36 

+ 1.44 

+1.44 
+ 1.45 

+ 1.45 

+ 1.4S? 
+ 1.5 

+ 1.51 

+1.52 

+ 1.63 
+ 1.60 

+1.67 
+ 1.8 


+1.02? Otig) + H,0(I) * 

-f-1,08 2U++2C.... 

+1.10 2F“52F,{5) +2c 


O.ltf) + 


+2 07 
+2 88 


According to the above table, tm 


and lead occupy noiKhl)'>ring piwitions with 
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respect to the oxidation from the metallic to bivalent state. In neutral solutions, 
either metal will cause an incomplete reduction of the bivalent cations of the other, 
the reaction stopping when the concentration of stannous ions exceeds sufficiently 
that of the lead ions, and in the presence of acid no precipitation of tin or lead takes 
place because it is easier to reduce hydrogen ions than cither lead or tin cations, as is 
shown by the table. On the other hand, the reduction of stannic tin to the stannous 
condition is shown by the table to be easier than the reduction of hydrogen ions. 
Consequently in qualitative analj’sis, lead can be used to reduce an acid solution of 
a stannic salt without causing any deposition of metallic tin. Antimony is used for 
the same purpose although the table does not show this quite as clearly because the 
degrees of ionization and extent of complex formation are not sufficiently known 
with respect to antimony and tin salts. 

Most reactions of oxidation and reduction represent reversible reactions. The 
strong reducing agents on being oxidized become weak oxidizing agents, and con- 
versely the strong oxidizing agents on being reduced become weak reducing agents. 
Ordinarily hydrogen is considered a reducing agent, but when u metal replaces the 
hydrogen of an acid, hydrogen ious act as the oxidizing agent. 

The .statement that reactions of o.xiilation and reduction are reversible does not 
hold rigorously. In the reaction 


Mn 


+ 4 II 2 O ^ MuOr -h 8 11+ + 5 e 


the Nernst equation for the oxidation potential, 

0.0.7), !ri*]v [MnOri 
l.\ln-*j 


Ezi*> — Ey + 


o 


is iK.t accurate. This is prob.ibly tine to the tendenev to forin compounds of mnn- 
ganc.^' having an intcrtuc.liate valence. Allhough tlie effect of H+ is not a.s grout 
.Ls this la.-t equation would iinhcafo, if is true tli.at the concentration of II- dors 
l.ave an enorn.,.us effect up..n llu- oxidation potential. At = 0 the oxidation 
potential of mol.nrMni), is about U.O volt lower than when = 0 (normal in H') 

I Ins fact can be ii^cd for the fractional oxidation <,f lialides. At = 5-(3, iodide 
ion IS oxidized to L and bromide or cbloride Is not oxidized. At pu = 3 bromide is 
uxi(h2ed biitclilurifUj is unattuckcil. Tlic reaction VO*** + 2H O— ►VOs“ + 4H* 
i-s strictly reversible. The Nernst equation is * ^ 

fVODUH* 


E:;« — E, -f l<*i; 


[VO^“J 


If [VOri ~ [VO++], the electrode potential is +0.112 when = 1 and 0.68 at 

\Micn an element is capable of being oxidized to different degrees, it is possible to 
compute the re<iu( tion potential of a given stage provide.l the others are known 
ilms if we know the ro.Iucfion potential of Fe to and of Tc- to Fe+-+ wo can 
compute what th.at of Fe to Fe- will be. In fact, if any two of these three poten- 
lals are kn<, wn. the third can I ..0 computed. The work required for complete oxida- 
tion is the same, whether the complete oxidation takes place all at once or in stages 
Eleetiicai «nrk is measured by the quantity of electricity (coulombs) multiplied by 
the voltage^mvoKed. Thus 11 we represent by n the voltage for Fe to Fe-' bv I 
utof Fe to Fe . ami bye that of Fe to Fe*--^, and use tiie symbol F to reiiresent 

we e + rf ='3'V“' 
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We have already seen (p. 19) that the solubility of a slightly soluble 
salt can be expressed by its solubility product [A] • IBl . If 

another substance is present yielding either A or B ‘ 

other ion is required from the difficultly soluble substance n order to 
a:;: L solulAhty product. The substance, therefore . ess so ub^ 

in a .solution containing a common ion than it . m 

plication of this principle to salts which are very solub e n water is set 
Kelpful. sLium'^ chloride, for example, is much less soluble m 

stronc hydrochloric acid solutions than would be predicted. 

The tla icms are quite different when one of the original substances 

is difficultly soluble or only slightly ionized. Thus -1.™ a precipitate 

place. In general, therefore, a slight excei. of P « " 

pi-ecipi atci less sol bk.^^ Ihc pre,.ipitate shows a 

more than in pure watei , ow mg to t k ^ 

riurn sulfate is less soluble m (ii In tliis case prolv 

:r;^r riK-Ku r Kd ti:::'i solvent is 

nciw concJntiAted sulhiric a™* -<1 n'A water 

is precipitate ly Uie ;;;;7 ™ p. .udiiim hydroxide 

mg an aluminum salt ^ these examples is con- 

solution. orming the need of considering all 

trary to the ina.ss-a«'lion law , out e 

the possible reactions. solution the effect of the com- 

When a weak electrolyte - PJ-;;-‘;\;tk ”"d s- as acetic add is 
mon ion is often quite nimaika ■ _ acetate than it is in pure 

ionized much loss in a solution cem yi^^^ ionization of hydrogen 

water, hydrochloric acid greatly P ammonia solutions 

suffide, and arnmonmm sidt w ato.y J ^ 

rxlKcKtion is indicated by the magnitude of its ionization 
constant 

[11 A) 

(II.-M 


and we can say 


( 1 ) 
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If we turn to the table of ionization constants on page 16, we shall find 
that the values are given to only two significant figures. In computa- 
tions involving these constants, therefore, it is a waste of time to at- 
tempt to define, with great precision, quantities involved. In a solution 
of acetic acid and sodium acetate, the hj'drogen ions come from the acetic 
acid and from water but the ionization of water is so slight that no seri- 
ous error is introduced if we assume that all the H+ comes from the acetic 
acid. The acetate ions come from the .sodium acetate and from the 
acetic acid, but when at least an equivalent quantity of the salt has been 
added we can assume the acetate-ion concentration to be that of the 
salt added. If we call the concentration of the weak acid Ca and that 

of the salt c, (both expressed in moles per liter), equation (1) above be- 
comes 


(H+J = 


( 2 ) 


This is only an approximate expres?-ion. Somewhat greater accuracy can be 
obtained by calling [HA) * - (Hq and (A-) = c, + (Hq because the acid yields 

an equal quantity of H^ and A' ions. Equation (2) then becomes 


' cT+ inq 


(3) 


Tins gives a quadratic whicli i.s e.asy to solve when the numerical values of Ka, Ca and 
r, are ii^erted. Then for a iii.stead of the moles of salt per liter the aclivily should be 
ii.--ef] where tlie greatest pos.'*il>le accuracy is desired. 

\\ l.'-ii the value of [Iiq is computed for 0.1 .V acetic acid in thepresenreofO.l iV 
? .dm, n aceiut,. by formula (2) above, tl... result is 0.0000174. and when computed 
ni.,re carefuliy a>. just indicated the ’.aluc i.s practically the same, which sho«-s that 
the appioxm.ntin,, formul , give.s results which are .«unioieutlv accurate for most pur- 


In ;i soiiitimi of ^ weak base, BOH wliieh ituiizes to a slight extent into 
and < )II k.ji.s and has llio idiiization constant 

IOH-] 

[BA] “ 

the same reasoning shows that an approximation of the OH' concen- 
tration m a .solution ctaitaiiiing the weak base and one of its soluble 
salts IS 

rniT'i - [J^H] Ci A’ft 


ami .since 


A.. 


“ pfi (''f- p- lu 


iii+i = 


wo have 
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where c, is the concentration of the salt of the weak base and a is the 

concentration of the weak base itself. j • u 

Solutions containing a weak acid and its salt or a weak base and its salt 

are called buffer solutions. They resist a change in hydrogen-ion con- 
centration when a small quantity of acid or base is added. Thus a solu- 
tion which is 0.1 in acetic acid and 0.1 N in sodium acetate 
Va = 4.75. H to 100 ml of this solution there is added 1 ml of 0.1 N 
sodium hydroxide, the mixture then has pa = 4.755. In anal>dical 
chemistry much use is made of these buffer solutions. 

The effect of hydrogen ions upon the 'O^^^ation of hydrogem su e 
is similar. The solubility product of copper sul6de is 8.5 X 10 
and that of zinc sulfide Is 1.2 X 10“^^ The precipitation of both cop- 
per and zinc by hydrogen .sulfide Is practically complete m a solution 
Ltaining no excess hydrogen ions. As the metal precipitates, ho^^- 

ever, hydrogen ions are formed: 

Zn++ + HoS ZnS + 2 

The accumulation of these hyclro,cn ions serves to n^rcss the i™isa- 
tion of hydrogen sulfide and tends to stop the pree.p.tation of th «ne. 
If therefore, we wish to precipitate copper and have zinc in 
all that U necessary is to add a little acid at the start; ^ 

solution the precipitation of tl.e copper as '^■‘‘6' J 

htd, if tme sodium acetate is added to the -hi.ion shg M y .oiiizee 
acetic acid is formed anel the aceumulatiou ^ 

prevented. This effect is so great that it is 

™lfide freim a solution “‘.n,e'''„neeiitnetioii of l.ydro- 

?ni::tr;7v?ry Cel though the so.utioii may sine,, strongly 

is also involved > :“'‘;^::,!hrt 

tates The effect is sliown, for example, whiMi rah uii pliospliate is 
dissolved by acid. The table on 

tion of phosphone acid IS a im, i„„i,atio„ is comparable to 

of hydrogen sulfide and I k . . 

the primary ionization ot tiyciDg . , *1 of HPOi"” 

are added in the form of a of 

and of H.PO.- becomes j'po, - i„„.s. These PO.- 

calcium phosphate contains C a d^^^ , ,,l,.op.„ i„„.s. Wliei, the 

ions must be m equilibrium „ ...mceiitratioi, cor- 

PO.- from HPO. “ ^lin of calcium phosphate, 

responding to the value of a hatuia 
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the calcium phosphate must tend to dissolve. Jis CaCHsPO^a is much 

more soluble than CaHPOj, which in turn is more soluble than Ca^CPOOa, 

It IS desirable to add enough acid to make the H2PO4" practically noi> 
ionized. 

The common-ion effect which is involved in nearly every reaction of 

precipitation and of dissolution represents an application of the mass- 
action principle. 


tlydrolysis 

The reaction between an acid HA and a base BOH can be expressed 

HA -f- BOH ^ HaO -f- BA (1) 

If this reaction takes place in the direction left to light it is called 
neutralization; the reverse reaction is called hi/drolysis. 

If the acid and base as well as the salt are ionized practically com- 
pletely, the atuon of tlie acid and the cation of the base do not take part 
in the reaction and the neutralization reaction is really 

( 2 ) 

T lie rcn.'tion bftwi-cn a stroiiR l.ase and a stronR acid will take place 
l•^wtu•ully <omplct,.ly and (I,,. 11+ and OH' concentratinns at the end 
mil c<.m.sp„nd t., the i.,.,i/ati..n „f water (see p. 17). The salts of 
stM.no anils- and liasi s an* not liydr(.lyzedapprecial.ly. 

Il li’i* and, the- ba-.;,.. ,,r UaU are mly slightly ionized, equation (2) 

jlncs nut propurly e.xprc.ss n action (i ,. If the acid is weak and the 
stroii^j;, (Im* reaction bocomes 

IIA -}- nil ^ II-jO -f- A ^3^ 

If llic a.-itl is strong and the l.a.se is weak, we have 

11+ -T Boil H.,0 + R-t- 

If both acid and base are weak, the reaction is 

n A -f- B( >11 H/) + B+-h A" (5) 

Th(..se la.st Ihivo n<.ut, alizati„.is do n.,t take place a,, completely aa does 
the reac ion between a .stroiiR acid and a .strong liase and the reverse re- 
action of hydrolysis ljecoino.s appreciable, 

1. Hydrobjhns of SaU.'i of Weak An'd^ and Strony Basc^ 

The base formed by the hydrolysis is largely ionized, while the acid 

A" + iroO;z^ HA -f- orr 


(4) 


( 6 ) 



hydrolysis 


53 


As a result of the hydrolysis, the aqueous solution of the salt have a 
^e^rOH- concentratL than vater has; in other uorrb, he p, o^ 
L aqueous solution of the salt will be greater than , (see . 18). 
action (6) is reversible and the mass-action law applies to it 


IHAI [OH^I _ 
lA'l 


h^dr. 


(7) 


T^fm^dS'b^th num^rir^^^^^^ equation (7) by 

the concentration of H+ in the solution, we get 


Then since 


IH^l [A'l 

_ IHA] ^ 1. m lOH-] = A. 

lH+1 (A'l A. 


1(8) 


We have 


(HAl [OH'l K 

[y\ 


h ydr. 


(9) 


Now in equation (G) it is clear that acid and a strong 

formed as a result of tlie hydrolysis ■. 

base. In equation (9) therefore we ca^^ a -M 1 

substitute the concentration of the salt 

these approximations we have 

and lOiri = V^"" 

c 7vo 

Since j. 


(H-^l = 



we have 


K.r . fK 

V Ka 


K 


v> 


( 10 ) 


Solving this equation with logarithms wc get 

(H +1 = 5 log K. + 5 log K. - 1 

-loglH+l= -UoB^.-Uoi!^» + UoK^ 


( 11 ) 
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Now 


Ph = = -log[H+] 

Pa = = -Iogi?a 

Pv, = ^og^ = -logifw = 14 

Substituting these values in equation (11) we get an expression which 

tells us the approximate p^ of an aqueous solution of a salt of a weak 
acid and a strong base. 


Po — 7 -}- Pa + I log c 


( 12 ) 


n approximate pH of a solution which is 

O.O’o A m sodium acetate. Since both of the ions of this salt are univalent we can 
as.surae that the concentration of the acetate ion and of the salt is 2.5 X lO"* mole 
per liter. 1 he logarithm of this value is written 2.40 or S.40 - 10 In either case 
the -lu.l value is -1.00, and 0.025 = lO-*. The value of J log c is, therefore, 
-U.bU. 1 he ionization constant of acetic acid is 0.0000174 = 1.74 x 10-‘, and pa = 

Substituting these values in equation (12) we get 

Pu = 7 + 2.3.S - 0.80 = 8.5S 

Owing to the presence of the OH' ions in appreciable quantity, all 
salts of thrs category react .Ikalinc. The alkali salts of hydrocyanic 

aifof ulisfypr'''' ''''''''''''''' hydrogen sulhde 

II. Ilydrohjsis of Sails of Strong Acids and TT'ea^l- Bases 

Hero the condiHons are reversed, and it is the acid which is almost 
coinplett'Iy dissociated and the base but slightly. The hydrolysis in 

™Pros.lon for 

B-*- + ITO ^ H+ + BOH 

13 




[13+1 




(13) 

(l‘i) 


Multiplying both miinerator and denominator by [OH'] we get 

[B^HliH-^l KH-ri K 


[B-^J ((Mrj “ K 


= K 


hydr. 


( 15 ) 


Equation (13) shows tliat tiierc is formed by hycb-olvsis an ennnl n 
tity of and BOH, and rve can c.i..cgard^thrSr:, 
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H+ from the ionization of water. In equation 

substitute [H+l for [BOHl, and c, the concentration of the salt, for [B ]. 

This gives us [H3 ^ ^ (16) 

c Kb 



Solving with logarithms, 

log IH-^l = i log + i 'OS ' - '°S 
-log (H+l = -I log - h log 0 + z log 

^ ^ 

and a strong acid , _J. loec 

Py = / — 2 Pb -2 

MU .1 tii .1-, « «»• 

'T; 

RCU'*’ + HaO ^ RClaOH + H 
rCI-h- + 2 HaO RC!(OH)3 + 2 H+ 

R-HH- + 3 HaO R(0H)3 + 3 

Ferric, aluminum, and 

aqueous solution. If such .solu ion.s „,<iduc obtained k an in- 

able hydrochloric acid . vola ih-h^-d th, ic. . ^ 

soluble basic salt which lan . the ammonia formed 

aqueous solution of ammoiui hydrocliluric acid; the 

by hydrolysis evaporates more r i • ^ ,j jj becomes more acid. 

distUlate is distinctly basic and the uudistmea i 

ni. Hydrolysis of Sails oS Weak Acids and Weak B«.^s 

The acids and bases formed ^Mro;y^ O) 

n this case, the equation of hydrol> .sis 


nd i 


IS 


B+ + A- + H.0 ^ HA + BOH 


The mass-action expression is 

IHA ] IBOHl 

"[HiTTAT 


^ Khydr, 


( 19 ) 
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Multiplying both numerator and denominator by [!!■*■] ■ [0H~] and re- 
membering that [HA] = [BOH], we get 

[HA] [BOH] [H+] [OH-] AT. 


(H+][A-][B+][0H-] "A'a-ii:, 


= if 


hpdr. 


( 20 ) 


If we let c — concentration of the salt and assume that c = [A~] = [B+] 
in equation (19) we get with the aid of equation (20) 


Since 


[BOH] = [HA] = 

[MJATl - ^ rHVi - [h+1[a-] 

[ ha ] — Kr~ 


(21) 


Substituting this value of [HA] in equation (21) and calling [A ] = c, 
we get 


( 22 ) 


and 


* A', • 

= V-^ (22: 

Solving with I(igarithms, 

and ~ 

-log |tl+l = -1 I,,g K. log + , log 

Substituting the values />„ = -log H. U = -log/v„, p. = -log /C. 

and p, = -ing K,, we got Pn = 7 + ^ p. -■} p, (23) 

Notice (bat [11+] and pn do not depend upon the concentration of the 

salt wlicn all the above assumptions have been made. Equation (23) 

IS only approxiniatf'ly true, however, because we have assumed com- 

p ete ion actn ity of the salt and that [BOH] is equal to [HAj. Neither 

of these assumptions is altogether correct, but the formula gives good 

approximations when the hydrolysis is less than 5 per cent. 

Salts of this type are esp.H-ially .subject to hydrolysis, and, as both 

the acd and haso are alightly ionized, the hydrolysis may take place to 

a consKlerahle extent without the solution manifesting cither acid or 
basic properties. 

If the ionization of tlio acid is greater than that of the liasc, the solu- 
lon reacts acid; and conversely, when the base is stronger than the acid 
the solution ot the salt shows an alkaline reaction 

Neutral ferric acetate in a hoHing, afjueous solution is hydrolyzed: 

Fe(C2H30;)3 + 2 Ibo Fe(OH)oC;H 302 + 2 HC:H:,02 
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to take place in the reverse direction and sonie of the basic .alt goes 
solution. Heal and dilution always favor hydrolysis. 

I V’ Hydrolysis of Salts of Strong Acids with Strong Bases 
equation becomes: 

IB+I [OH'I in xLIAll = [H-l (OH'i 

I^hydr. - ^B+j 

. itv nnnilibrium with undissociated water; 

The and OH" ions ions as corre- 

the solution reacts ^luall that there remains only the 

spend to the ionization of wa er, \v i * >...^.1 Sall'i of (his type ore not subject 
ekctrolytic dissociation ot the salt to he coosideied. U 

to appreciable hydrolysis. „ . ,,..11 as the nKi>^-a<'ti«m 

The hydrolytic action of water lus . ■ ^ , ,„„de 

by the followiiiB experiment; ^ ht le . , . „f „,„ta„ny oxychloride, 

in concentrated hydroclUoric acid, causes precipu 

Cl ,0 

Sb^ +2I1CI 


/ 


SI, - Cl +H20;=iSb^^^ 

\ 

1 , ohr,.«r.l hVilnuhloric acid. Further addition 

which dissolves on nddinK u little concentr ais.Milve in more of the con- 

of water again prccipitate.s the w-mc ^ action of the water 

centrated acid, etc. It obvious m iticre i'ing the concentration of the 

the reaction goes from left to right while by u.cre.umh 

hydrocliloric acid it goes from rig d o c . q|. to prevent hydrolysis, T he 

The analytical chemist freq«»ent y ciicniicnl reaction it is 

moss-action principle sliows hoW t ns can > origiind reacting substances or 

necessary to increase the forna-d. .\sidc from the reac- 

to lessen the concentration of one ‘ ,• ,|,:a take place completely m 

tionfl of oxidation and reduction, a » concentration of one of the substances 
aqueous solution are those m w ic fo:„i:ition of (1) a precipitate, 

formed is practically negligible. • ^ Neutralization takes place 

(2) a gas, or (3) an undUsociated substance ^ undissociated water, 

between an acid and a ba-ise becau.-ic j jj, ^lue to tlie fact that water is slightly 

Hydrolysis is the reverse of neutrahzat. a ^as. a precipitate, or an un- 
dissociated; it takes place when one oi t l ^ 

dissociated substance. Thus ^ !l'r! Hie ulak acid is slight . Tlie hydrolysis of a 
is due to the fact that the dissociation o t of tlic undissociated base, 

salt of a strong acid and a weak base is mie Oe- 

Hydrolysis takes place most readily « h removed from the solution to form 

cause then both the HMoiis and the Oil tons ar 

• 1 0 X 10-» at 25» and 5.1 X 10-« at 100^ The 

• The value of K«- (cf. p- 17) is 1-0 X j . 
increased ionization of the water favors hydrolyse. 
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undissociated acid and undissociated base. Hydrolysis of a salt of a strong acid and 
a strong base cannot take place because there is then no tendency for the and OH 
ions of water to be removed. To assist hydrolysis, boiling is advisable, because 
water is much more dissociated at this temperature than when cold. The reaction 
that takes place on boiling often proceeds in the other direction on cooling, simply on 
account of the change in the ionization of the water itself. Dilution favors hydroij'sis 
becau.se it diminishc.s the concentration of the substances formed; the concentration 
of the ions frotn water is not changed, but the relative proportions of the.«e ioiis to 
other ions present is ineroa.scd. Hydrolysis is also favored when one of the products 
is gascfius or iri.'ioluble; thus ammonium carljonate is very easily hydrolyzed, not only 
because the acid and base are both weak but also because both ammonia and carbon 
dioxide are volatile; ferric acetate is hy<lrolyzed not only because the acid and base 
arc both weak, bvit !il.s(» because the basic ferric acetate is very insolulile. I'inally, to 
stop hydroly.cis it is oidy nece.<sary to add a little free acid or free bxse at the start; 
the elliciencv of the acid c)r base is proportional to the c.xtonl to which it is itself 
ionized. If the solutaai become.< alkaline a.s a result of hvdrolv.si?, then a little 
alkali will bast stop Ijydroly.sjs, but if the .stilulion becomes acid, a little acid should 
b(‘ added. .MoreoviT. it is :ulvisable to work in cold and concentrated solutiotis. A 
dilute aijijeous .«olution t)f pota.'siuin cyanide has the odi>r of free hyilrocyaiiic acid 
and reacts alkaline to litmus, but if a little caustic pota.sh is added, the hydrolysis 
of the salt is |)rcvciited aiul the odor of hvilrocj’anic acid can be detected no longer, 
.''iinilarly, boiling a .>>011111011 of Tieiilral ferric sulfate re.sult.s in the precipitation of a 
ba.^ic suit, but the prei ipitation doe> not take place if a little sulfuric acid is added at 
the start. 


.•ini/»ho/eric l\lcrtroIytrs 

nuring Hh* first half ol tlio nimlt'cntli (‘(‘iitiiry, oxygon wa.s rogardod 
as an essential constituent of all ;icii|s. In tlio dtialistic tlioory of 
H(*rz(’lins, tiicio were tuo Idtuls of oxides — |josiiivo oxides which unite 
with water to form hasc.s, and tu'gative oxidi's which unite witli water 

to furtn acids. Salts result from a union of tiic.se positive and negative 
oxides. 

'1 he ti'irn.s positive and negalivi^ are relative, and it was recognized 
that some oxidi s wore I'ositive to certain oxides lull negati\e to other.s. 
'1 inis ^taiirious oxide, SiP ). can unit(‘ with tin- more positive sodium ox- 
i<|c. Na . 1 ), and lorm the >alt sodium stannile. Nad ) • Sn( h or it can form 
a siilfat(‘, Sn( ) • So,, w it li I Ik* more negative sulfur 1 rioxide. 

The characlerist ic ,,f an acid * is that it is caital.Ie of rurnislung hydro- 
gen ions whcti <lissulv('d in water: and the charaetMii^tic property of a 
hase i.^ (he ability to form hydroxide ions in nqiieons snlution.s. The 
neutralization of an acid by a ba.se is eharaetenzed by Hie uniting of 
iiydrogeti ions from an acid witli hy.lroxide ions from a base. 

Chemists, bou-ever. >till regard s„],-;t:iMi-es sueli as ferrous .-^ilicato, 
l-VSi( ),, as salts, although ferrou.s oxide and silicon iliuxide do nut dissolve 


* Cf. p. G. 
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in water and form hydroxide and hydrogen ions, respectively Ferrous 
silicate is regarded as a salt of the hypothetical mctas.hcic acid, 
and of the hypothetical ferrous hydroxide, FefOH).. Silicic acid is a 
hypothetical acid because, although it does not form hydrogen ions when 
mixed with water, the salt FeSiO, is what we would expect to form from 
H^SiOs and Fe(OH)., although these compounds may not exist or 
it they do, they are not appreciably soluble in water and cannot yield 

A study of the periodic table of the elements shows that the families 
on the left side form bases more readily than those on the right si c. 
In any one family, the tendency to form bases rather than 
pronounced as the atomic weight of the element increases. t\ith anj 
given element, however, the tendency to form an acid increases as the 
valence of the element is raised. For example, we hnd tha pho.sphoric 
acid is a stronger acid than silicic acid and a weaker acid than sulfuric 
acid Silicon, phosphorus, and sulfur follow one another in the peri- 
odic' table Phosphoric acid, in which the valence of the phosphorus is 
eve is a stronger acid than phosphorous acid in which the valence of 
the ’ phosphorus is three. Antimony, which, like phosphorus, ls in 
Famurv forms acicLs which are much weaker than the corresponding 
acids of phosphorus ; in bismuth . which is also m Family \ , the tendenc> 

to form an acid has almost entirely disappeared. 

As a general rule, when the positive charge on an element is increased 

it becors Lre difficult for the cortrsponding hydroxide to loiure 
as a base and the tendency for the hydroxide to 

creases Thus the higher the positive charge on the atom, the moie 

neZ^e it becomes according to the old-fashioned -ceptmm Th. a.i- 

parent contradiction is not as me— ^ 

from a confusion of the inlensily fac i f ji two and 

lUy factor. All forms of energy are composed of these two faitois, 

such confusion of the factors is quite common. 

in n unit electric charge on a gram atom 
The quantity of electricity corresp ® elements bear tliLs charge, and 

of any element is 96,o00 ^oulom AU tendency of tlie atoms 

all bivalent elements twice as muc - ^ oxidation potentials 

to accept or give up . X)W the greater tendency to give up one or 

shows (p. 46). The elements ^^hlc ^ positive than those 

more electrons of negative electnc > the elements nearer 

which show less tendency to !o. t j j positive than those 

the top of the electromotive seriixs ha^e been c^a 

which are below them in this senoH. « ™ tl.an one of 

tive nature was largely m.e o ~ riie behavior of the 

e ectric nature or f that of the Daniell cell; the rinc becomes the 

elements in an electric c»juplo suen as 
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anode in such a cell, and the copper the cathode; the electrons flow through the cell 
from the copper to the zinc and the zinc is positive to the copper in the solution. 
The student should be careful to distinguish in his own mind the difference between 
the meaning of the word positive when used in this sense of voltage and when used 
to represent the character of an electric charge. 


Water is a substance which ionizes to a slight extent, and the initial 
products of the ionization are and OH*. Water, therefore, may be 
(“on.sidcrcd as being l>oth an acid and a base. There are other substances 
which act as acids witlioiit forming at one time any more liydrogen ions 
than does water and other basic substances which do not form more 
liydroxide ions. Water is characterized l\v the fact that it forms an 
ec|ual amount of both hydrogen and hydroxide ioas by its primary ion- 
ization. Other hydroxide.s are known which have l)oth acid and basic 
properties, but this is due to two distinct kinds of ionization. At one 
time tliey (Iksociate as acids and at another time as bases. Such 
substance.^ aix* said to l>e atnphoten'r clectrolyles. 

.Vluininum liydroxide is an amphoteric electrolyte. This suljstance 
ha.s a very .small .solubility i)r(»duct, and the quantity of ions present in 
the saturated solution is extnunely .small. The chemical l)chavior of 
aluminum hydroxide show.s, however, that it is capable of dissociating 
in two wavs: 

4 


AI(0II)3 — » .-VIO )IT) 2 '’' + on (ionization as a base) 

AI(()H)3 — ^ H AlOjII j — *11' -f-AIOo + H 2 O (if)nization as an acid) 


Ihe ma.ss-action prim-i[>le enables one to predict which of the.se ion- 
izatioji rc'aciians will takr place. In the presence of a strong acid, such 
a.s hydroehhtrif a'id, the conimou-ion eflect of the hydrogcui ions will 
prevent the ionizatiun of the aluminum hy<lroxide as an acid; the ef- 
fect is mucli moiv marked than that of .-sodium acetate upon acetic acid, 
for in this lasc th,‘ dilTerence in the percenlage ionization of hydro- 
dtloric add and aluminie add is rnudi greater. On the otlier hand, the 
presence of \hv hydrogen ions favors tlie ionization of the aluminum 
hydruxidi- as a base. To establidi the proper equilibrium between H^, 
OH , and H-A), nearly all tlie OH' ions from the aluminum hydroxide 
leact with the IK of the hydrodilnric acid. On account of this removal 
of the on . the ionization of the Al(OH )3 progre.sses, the Al(OH).>+ 
lonizc.s into AifOII 1 - and OIP, and finally the A1 (OH)-h- ionizes into 
A1 untl ()![ In this way Al(On)j di.ssolvcs to form Al'*'^. 

Mmilarly, in tlie pn-sence of sodium liydroxide, the common-ion ef- 
fect of the OH pri-v. nts the aluminum hyilroxide from ionizing as a 
ba.<o and the TI- 10 ns formed by its dissociation as an add react with the 
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OH' ions from the sodium hydroxide, and the final result is that all the 

aluminum dissolves as sodium aluminate, Na-AlO.. 

Whenever an oxide or hydioxide dissolves by chemical reaction «-i h 
an acid, and also by chemical reaction with a base, the substance is ob- 

viously an amphoteric electrolyte. 

Detection of Acids and Bases. Theory of Indicators 

To detect the presence of free hydrogen cations or of hydroxide amons, 
certaircolored organic substances are used, called i adieu ors. The^ 
n^clm ^re very weak acids, very weak bases, or ampho eric su^ 
sties, and the free acid or base is an unstable substance -icb to 

undergo a slight ~eme^t o tte ts due 

group; when this arrangement is changed, the color also is changed or 
‘“ke concentration of hydrogen ions can also be 

metrically by mc^uring tte 

placed m the solution and „ jf (i,^ electromotive force 

motive force such as a s andar^^ '^ 

thus determined lb compaicu NMu _ n _l n (1^0 1 o<t c in 

the Nernst formula (p. -1-) ' . " i 

which c is the concentration of Mmg™ - - -j- > 

potentiometne measuremen > ^ indicator chanp’s 

the hydrogen-ion concent. a 10 ■ • , j,,,, concentrations are 

color. In neutralization reactions, tiR neuiog a is eonvenient 

always small when the neutralization ,s complete, so that it i.s co.nunc.it 
1 I ' - a the hydrogen exponent, rather than the concen- 

tration c. l.v 11 ha'^c tlie rcsultinn luiucoiis solution 

When an acid is ..eutrul./,cd ij ^ ^ ^ 

of salt at tlie '.eet to ionization. If the acid is 

and base are equally ,,i|, 

stronger than the base, then 1 , aqueous solu- 

p.. <7; but if the base IS stronger than I a 

tion of the salt will show p„ > 7. uminaiy ^ _ 

contains carbonic ^i^laji^'mialysis are mdhyl orange 

The indicators most used m qualitati J ^ 

which is red or pink in acid so u a,„i't,„ns (liiik when 

phenolphihalein which is' red with acids and blue v ith 

free base is present, and Ii/.««s sensitive to weak 

bases. Of these indicators methyl orange is mo 
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bases and plienolphtUalein to weak acids. Indicators are known, 
however, which change color at pn values ranging from 1 to nearly 14. 
In the following table the color in acid solutions is given first and then 
the color in basic solutions. Under the heading “ pa Range” is given 
the rcgioii where the indicator undergoes a change in color. 


To prcjHirc methyl orange solution, dissolve 0.02 g of the solid in 100 ml of hot 
water, allow to cool, and filter if necessary. 

To prepare phcnolphlhaU in solution, dissolve 1 g of the solid in 100 ml of S5 per cent 
alcohol. 

To prepare litmus solution, place the commercial cubes in a porcelain dish, without 
powdering, cover with So per cent alcohol, and digest on the water bath with fre- 
quent stirring. Decant off tlic -sohiiion, and repeat these operations three times to 
remove the uiulesiraljle coloring matter. Extract, the residue with hot water and 
allow the extract to .settle in a fall cylinder for several days. Siphon off the clear 
liqiiiil, evaporate it to about one-third its original volmnc, and make acid with acetic 
uci<l to decompose any putas.'sium carlxmato present. Eva])orate to sirupy con- 
sistency on the water l)ath ami cover the mass with considerable IH) per cent alcohol. 
Filter and ilisst)lve the le-sidue in siifTicient lH>t water so that 3 drops of the solution 
will l>c necessary to imi)art a «listitict color to oO ml of water. 

To piri>air tiHlIiyl rxl solution, dissolve O.l g of solid in 300 ml of alcohol and 
dilute* witli water to .W) ml. 

To prepare rre.-^itlphlluileiii, elifsolve 0.1 g of pure o-crcsolphtlialein in oOO ml of 
0") per cent alcohol. 

I'o picpan* intli«'ator sohit ioii.s <jf tfi'/mn! hluc, bromoph< mil blue, hromocri.-ol purple, 
bromolhi/iiiol b(u( , plnunl <•- '/. and '•<■/ »■*«/. triturate 0.1 i; <<f the solid with an eejuiva- 
l(*nt r}U;infify <if O.D.'i X .-o-liiini liydroxi-lc solution. Dilute with water to ."jOO ml 
in the ca.'i* of the* hist two of the al*ove indicators and to 2.50 ml with the other four. 


Nnii.1* (*f Ijiilit i 

i 

1 1 

( Charigo i 

U:inKe 

1. 'l iivnvil bill-' ' 

I{nl vulhiu* 

1 2 -2 S 

2. Pjt I'll!' tplU'lD >1 ‘ 

11o\V-Ij1uO 

3 (Mi.O 

•1. . j 

Ru(l V* Ilou* 

1 O-.'.O 

•1. Mi'lhvl ivt\ ! 

I^ '^^ -vrllt t\v 


r> ( ^ ifliil|f ;i| ^ 

^ ^ t ill lU til'U* ! 

1 *1 ^ J . W 

.5 0-t).0 
.5.2-ti.S 

UrorniKM*'.-t)l purpl** 

* 1 

7 o!l*>sv purple* 

7. LitniU'^ ' 

If 1 1 1 ) »1nr 

li T 

Hrojiujflivinol IjIuc 


O .U ( . 1) 

li 

\K IMii’iiol rcil 

;iov\ - !<•({ 


UK rhuMnlpliUinlrin 

( -n*cl 

N 0 '.1.0 

1 1 . ( ml 

7 e lltiu - n il 

7 2-S.8 

12. Thyinnl l>lui‘ 

\>’\h *v. -Min* 

S t)-0 .(i 

1*5. 


< 2 '.) S 

1 1, 'I'hvrnnlphthnluin 


*1 0-10.0 
11-12 

1*7. () . 

7 < ll<»u*-oiaijt'r ve !lin\* 

Hi. Triuiti ohrn/.utU! . 

0‘K»rlr'-S 

12-1.3 

I/. nriiy.ii|)urj)urin 

7 cllow-rufl. . . . 

1 

13-11 
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Let HIn represent any indicator acid and InOH any indicator base. For the 

ionization reactions tt 4 .it- 

Hln + Li 

InOH In+ + OH" 

the mass-actioQ expressions are 

The values Ka and Kb are the ionization constants: 

log -^ = - log Ka and log 

Aa 

have been termed the Micalor coestanls. It is a characteristic of the indicators that, 
when the free acid or free base is formed, it quickly undergoes a slight change m the 
arrangement of the atoms in the molecule and as a result of this rearrangement there 
is a ctange in color. Thus in the cruse of phenolphthalem, the colorless acid has the 

structure ^ „ ^tt 

/\ /\ / C-CelLOH 

caL( )o 
c=o 



The compound is made from two molecules of phenol. aHhOH. and one molecule of 

CO 

phthallrc acid anhydride, In the colorless form it is believed th.rl 

in each of the three C.H. rings there are ai.erna.o single and double bouds between 
the six carbon atoms. Thus phenol itself can be written 

II H 

HC; )C0II 

c - c 

II H 

When the salt is formed, this benrennid strue.ure is changed to what is called the 
quinoid structure C = C 

= c( )c = o 

c = c 
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Colloidal Solutions 


If an alkaline silicate in dilute solution is mixed with dilute hydro- 
chloric acid, the solution remains clear and apparently unchanged in 
spite of the fact that silicic acid is only slightly soluble in water. If the 
liquid thus obtained is placed in a vessel whose walls are formed of 
parchment paper or of bladder, and this vessel is placed in pure water, 
it is possible to wash out all the excess hydrochloric acid and all the 
sodium in the form of sodium chloride. This is the so-called process 
of dialysis. The liquid in the dialyzer contains silicic acid. 

The silicic acid, however, is not in the form of a tnie solution. If it 
Is evaporated, an amorphou.s, gelatinous mass is obtained which is only 
slightly soluble in water. The boiling and freezing points of the solution 
do not differ much from those of pure water. The addition of various 
substances, especially of salts, causes the liquid to solidify as a jelly, 
e.specially if it has been concentrated somewhat by evajjoration in the 
cold. 


A similar exi)erim(‘nt can be performed with ar.sonious acid and iiydro- 
gen sulfide. 'PIk* afjU(M)us solution of arsenious oxide turns orange 
y(‘llow wh(‘n hydrogen .sulfide is passed into it and becomes opalescent 
without forming any pr<ripitate, although ai'senious sulfide is only very 
slightly soluble in water. The liquid will pa.s.s unchanged through an 
ordinary papf'r filt<T. If a little hydn*ehloric acid or some salt solu- 
tion is add('d to the y(“llow opalescent liquid, a heavy precipitate of 
arsenious sulfide at once forms. 

.\ liquid in whi' h a very insoluble substance appeal's to be in solu- 
tion far iievond its usual degree of solubility, and yet does not show at 
all the lichaviur of nu onlinnry supersaturated .solution, i.s .said to con- 
tain tlie substan<*(' in rolloidal .soluliim. Such solutions are veiy com- 
monly infined with difTicuUiy soluble gelatinous substances. It w’as 
fnrtiK-rly tliought that such solutions repre.sonted true solutions of 
dilliciiUly s.iluldc sulisfance.s in the form of a soluble colloidal modifi- 
critinii. liiit more recent oliscrvations with the ultramicro.scope have 
iialirated that colloidal solutions are really susprn.sions of minute solid 
[lart iclc-.. Tlie i-olloidal et)ndi1ion evidently interferes with the pre- 
cipitation of insoluble .'^ubstanees, and since mo.st of the separations 
of analyti< al ehemi.stry depend on the formation of preeipitates, aualyti- 

ft * ^ coueerued w ith the colloidal condition as one that 

is tu bi‘ avoidc'd as inucli as ))o.ssible. 

Till su.-=peiHled panirlcs of most colluid.s carry electrical charges; 
a potential ditTcrence e.xi'ts between tlie particles and tlie litiuul Some- 
times till' charge on the particles is po.sitive. as with the colloidal solu- 
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tions of ferric hydroxide, aluminum hydroxide, and chromium hydroxide ; 
and sometimes the charge is negative, a.s with the colloidal solutions 
of silicic acid, stannic acid, the sulfides of arsenic and cadmium, silver 
iodide, silver chloride, gold, platinum, and silver. Substances m 
the colloidal condition which carry an electric charge are precipita ed 
by an electrolyte. Negatively charged colloids are precipitated by the 
action of positive ions, and, conversely, the positively charged colloids 
are precipitated by negative ions. The precipitated substance carries 
with it a little of the precipitating ion in the form of an adsorption com 
pound. The precipitating power of electrolytes increases decidedly 

with the valence of the precipitating ion. 

Some colloids do not carry much of an electric charge, and sometimes 

the charge is positive in acid and negative m alkaline so utioiis Col- 
loids which do not carry mucli olec.ric cliarge arc not 'aUd 

by dilute solutions of electrolytes. Tlieso eo loids are «>■«>' 
hLt, by any otlier metl.od of dehydration sucli a.s the addition f eon- 
centmtod salt solution-s. or by tlie adilition of another solvent s u aj, 

alcohol. Colloids whici, arc not sensitive to \ , 

lytes often act as protective eolloid.s and linider the l”-> ' “ 

other substances, Tims tannic acid, gelatin, and a l.ui.iiii ait a, 

protecting agents, probably by forming piotci ti\c i [Hw.,.s^arv 

To prevent the eolloidal condition in analytical work it is neussai 

4 4. 1 * • n.itimw Since olectrolvtes cause the precipitation 

to take certain precautions. mu(( (im . 

% 1 1 t K/ktv \\ill tone! to tlicl 111 

of colloids it mav bo expected that IIhu ao-cun. 

of eolloidd solutions. Thus in waslnng a 

best to wash with a solution of some ' , 

with pure water. Again, if precipitations I ‘ 

solutions of such sul, stances as arse, nous sul ide, it ^ ^ 

electrolyte in tlie solution at tlie start, it is also neeessa “ ' ^ 

that the colloids carry down with them the ^ 

they are coagulated To avoid analytical mistakes .aiiscd -luli lo. , 

coneentratioi, of some oth.-r — pr-. ^ 

in the form of an acid or an ammonium .salt. 1 ^ 

precipitated colloid with ammonium chloride or “ “ 

gradually removes these precipitated ions but ,t is ve.y difficult 

avoid all danger of lo.s.s from this source. oihnmin tvnc 

When nrotectivc colloids, cspc.-ially of the gelatin oi albumin tj pi, 
wnen proiecnvc toi , i common precipitation 

are present, they may mterfe.e -o eolloid, usually by 

tests that it is necessary to destroy tl 1 

oxidation, before proceeding with the ana jsls. 
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In estimating the dimensions of small particles, such as molecules or ions in solu- 
tion or colloids in a state of suspension, it is customary to use three units which are 
much smaller than the millimeter — the micron, the millimicron, and the Angstrom: 

1 micron = 1 10“’ mm 

1 millimicron = 1 m^ = 10“* mm 
1 Angstrom' = 1 A = 10“’ mm ® 0.1 m^ 

The Greek letter n is used, therefore, to represent one-millionth of a meter or 
one-thousandth of a millimeter. Some writers have used the symbol mm to mean the 
millimicron, but this practice has been frowned upon and is more likely to lead to 
confusion. 

For very small weights of material the unit 7 (gamma) is often used; it is 0.001 mg. 

A very large molecule such as that of starch dissolves in water in particles which 
may be 5 ihm in diameter, but the solution of starch shows some of the properties of 
a colloid. Itj g<*neral, we may .say that the ions or molecules dissolved b}' water are 
rarely larger than 1 lUft in diameter if held in true solution. The ions, although 
they are hydrated, usually have diameters of a few Angstrom units. If an aqueous 
solution of an electrolyte is illuminated by a powerful beam of light, there is no 
scattering f)f the light when the solution is viewed at right angles to the direction of 
the beam. If particle.-; larger than 10 ihm arc suspended in water, such a scattering 
of the light is ol).«ervcil (Tyndall cfTcct). \Vith the ultrumicroscope, therefore, (he 
presence of particles larger than 10 him can be detected, but what we really see is 
not tlio individual particles but their diffraction images. With an ordinary micro- 
seopc particles smaller than O.'J.a m cannot be detected. 

’riu* colloidal >tiite is characterized by particles whose dimensions vary between 
1 niM ami 0.1 m- If the partielc.s in water are larger than 0.1 n, it is eiLstomur>- to 
speak of a iisjuu. but the actual lines between a true solution, a colloidal solutitjn, 
and a su> pells ion can only be druMi arbitrarily as the state of true solution (molecular 
disper.'i'iii lend- to oveilap (!)•• state usually rec-ognized as that of a colloid and there 
is no liard ;ui<l hu-^t line t*. draw between a culloitlal solution and a mere mechanical 
KU^pen'•loT,. 

Arsenic tri.'iiHide is very shghlly soluble in water. It has been estimated thtit 
only alioiit 0... n.g will ih>>.o!ve in 1 I of water. On the other hand, by shaking very 
lincly divided ar.-enic sulfide \\ith water, or by saturating a solution of arsenious 
oxide wiili hydrogen sultidc, it is pos-ibic tiiipurcntly to dissolve ns much ns 10 g tif 
.\s.S,, 1 he - iluiion v.ill appear clear when viewed in transmitted light but will 
appear turl id in lelh ejed ligiil; I'.c., it looks clear wlien the test tube is held to (lie 
ii'.'hf ami one look..; (Iiioiigli it but appears lutbid if one ladds the test tube down and 
I'lew.- the hqui ] with the liglit that is rrliected from it. 

I lie [ihv-ical ;no]icrtie-. of a t na* .'-olutioti (osmotic pres.sure, lowering of the freezing 
pc iid, lai-iiig of the boiling point, ete.). are determined by the eoticentrntion of the 
S. iwioii. A erilloidal s.'hition. .,n t),e other hand, shows but little depre.s,-ion of the 
lii o.-.iTu' point or rise of tin- boiliiig point ns cnmpnreil with the jiiire solvent. 

1 heie aif two types of ct'lloi.ls. Some show little, if nn\. ntfraciion for water. 
'I heir >-r.lulions me only -lightly vi-coas, and if llocculalod by tlie addition of an 
eleftrolvle the particle^ settle out in a eoiulilion easy (0 iiltor. Such oolhikU are 
call.’ ! ,o/.-./.cns„j.b of n- flvophobic) colloids. The colloid In hl in .suspension 

is called a .saf. When lloccnlated it is a gel Most of the dillicultlv .soluble inorganic 
piecipiiatc-, -uch a.-, the metal siillides. anitnoiiiiim phos|>lmni..lvlHi.ile. silver iodide, 
etc,, will yield .sols of thi.s type. The second type of colloid has a tiiarked udinitv 
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for water and is called an emutsoid or hydrophijlic colloid. Relatively large quantities 
of electrolyte are required to cause flocculation; the precipitate adsorbs water 
strongly, and the colloidal solutions are very viscous. Organic compounds such as 
the proteins and higher carbohydrates belong to this class, as do silicic acid and 
aluminum hydroxide. The geU of this t>*pe are very hygroscopic, and the last 
traces of moisture are hard to remove upon ignition; silica and alumina are ex- 

axnples. The ignited residvie is also hygroscopic. 

Flocculation and Peptization. Colloidal solutions are to be avoided m analytical 
chemistry because the suspended material cannot be removed by filtration throiisb a 
paper filter. When flocculated, the particles have a large surface and great adsorp- 
tive power. The finely divided particles can te kept in suspension by adsorption of 
ions, whereby the colloid assumes an electric charge. If a cation ,s adsorbed the 
charge is positive, and if an anion is ad,surbed Ihe charge is negative. The ions 
which determine the original charge on the surface of the colloid usually reraam 
during, atid sometimes after, the llocculation. The flocculated col oids, however 
usually undergo an aging effect which decreases the total surface and the amount of 

Every precipitate has a tendency to adsorb one of its own ions. Thus the metal 
sulfides have Long adsorptive powers toward sulfide lons, and stiver hahdc.s to 
both silver and halogen ions. Whenever adsorption takes place, here m nt 1« 
adsorption of some otlier ion to preserve clectroneutrality. W hen a sulfidt 
adsorbs sulfide ions primanly, it al.sn adsorbs hydrogen tons ttecondar 1^ 1 he 

primary ions adsorlied are licld firmly to the surface of the colloid, bu the tl.cr 
ions, which may be called coanicr iou-s. will slay at some distance from the surface 
aZ^rh in to vicinity. The elecirostatie forces between tlie negative ions ad- 
sorbed on the surface of a sulfide prccipilate and the ,K.sitive 
large, and an electrical double layer is set up lietwcen the 

The existence of this donlile layer is responsilile for the stability of lie col oid ..\ll 
the particles of colloid have tlic same cliargc and eannot a|iproach closclt to one 

r “ - 1 s':: 

^UiT^L^^teiJtoltoLnd f^tecuiatinn resnto. 

:f SI "l'‘::Sta;::ts of :nd emy 0.0,i3 .MCI are remnre^ 

In washing a colloidal precipto.e 'riLZil:: 

TpmnvoA Th^»n if the concentration of tm:^ ion iii int \ t 

concentration required to effect llocculation. the particles 

condition. This is called p^pUzcUon, and it can l.e prevented by ^^ashlng the piccip. 

property ^ a conoid can be 

hydrous stannic oxide in dilute nitric acid solution w.l b lU O, ami H .A O 
so strongly that, when sufficient of the colloid present, all the ILPO. and IhAsU. 

tan be removed (rom ,„„eentrate<l solutions are 

Precipitates thrown down from “ ;or Irom ^ p„..ipi,ated from 

in the form of very fine crystulft. Ihu.^ i *i nmi V Uio uroriniMte 

solutions which are above 0.75 N in concent ration or less 

T "r';!; tonne if m- 
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tion near the boiling point often helps, and the addition of a little filter paper pulp 
is recommended. When the precipitation takes place from fairly concentrated 
solutions the crystals form so quickly that they are imperfect. On standing the 
crystals tend to perfect themselves; particles dissolve from the imperfect places and 
are deposited elsewhere. Small particles have a slightly greater solubility than 
larger particles; the small particles dissolve and are deposited upon the larger ones. 
Sometimes the precipitate that forms first is a metastable modification which, on 
standing, is changed to a more stable and less soluble state. 

Coprecipitation. Precipitates are rarely perfectly pure. They contain mother 
liquor to some extent and often substances which are normally soluble under the 
conditions prevailing. Thus when barium sulfate is formed by adding barium chlo- 
ride to a solution of polas.sium sulfate, the precipitate contains a little potassium 
which is very hard to remove by washing, although potassium sulfate is easily 
dissolved by water. We .say that the potassium is coprecipitated with the barium 
sulfate. Coprecipitation is sometimes due to adsorption on the surface of the precipi- 
tate. Tlic adsorption of foreign ions on the surface of a precipitate is sometimes 
called occlusion to distinguish it from inclusion which results from some of the mother 
liqiKtr l*eing en(rai>p(‘d by the crystal while it is forming. Sometimes a solid solu- 
tion (also called inirrd rn/stals) is formed of two substances which have the same 
crystalline cliaracter. ’I'hus PbS 04 sometimes crystallizes with BaSOi to form an 
apparently hoinogem'ous iiuuss or “single pha.se.” 

Postprecipitation. Many precipitates are deposited slowlj’ and the solution is in 
a state of supcr.'-aturation fora longtime. Thas, when calcium oxalate is precipitated 
in the pre.sence of considerable inagnc.siuin, the precipitate is practically pure at 
lirst, but if it Ls allowo<l to remain in contact witli the .Mjlulion, magnesium oxalate 
foriiLs shiwly and tlic pie>ence of the calcium prccipitalc tends to ha.stcn the forma- 
tion of the magiM'sium oxalate, Situilarly with the sulfides; some sulfides are 
Iirecipitatcil v(‘iy slowly by hsdrogen sulfide, but the presence of some other sulfide 
often hastens fl.c ptecipitation. ■I'liiis when hyiirogeu sulfide is passed into a solu- 
ti* 'll la' zinc in (1, 1 .\' hvdrocliloric acid no prccijiitate of zinc .«ulfid(* forms until aft<T 
n Imui: iJ, lii>wi*vrr, iih^n ur v rupiHT ions :iru pn*s<‘ril in t ho solut ion 

prcH copper or riicrrury iluh' which results causes the zinc sulfide to 

fibrin Uiwh rapidly than it <'thri A'iso uoiild. This is probably due to the fact 

ti. it tJio Mihi'h-' have >tronc ;uburp*»ve iM>\>ors toward hydrogen sulfide, thus in- 
'TC i-iiiK till* hvtlrogen aullide contcnlialion at the surface of the precipitate. 

Tlir I'A'uporation of Acids 

It i.- ofton noccssary to diniinish llio acid concentration of a solu- 
li'iti. I'lie •'iiiiplost way to accotnpli.sli this is by neutralization, but 
it i- otten undo.^irul'lc to introduce fonugn substances into the .solution; 
ii sut'li ca^cs the acid is removed by evaporatir)!!. To prevent loss 
by .'pattering, it is well to evaporate in a porcelain dish on the .steam 
bath; but, to savi- time, the evaporation may take place over a free 
flaiuc. In thi.s ca.se tli(“ .solution should bt^ kept in motion cither by 
stirring or by rotating contents of thn dish and moving it back and 
forth «)VtT tlii“ fl.uni'. I'or ovaijoraiion' over a free (lame, an Krlen- 
mcyi r flask is often us* <l: tlie side.< of tlic flask, being cooled by the 
air, act as a eondeiLser and delay evaporation, but they also serve to 
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prevent mechanical loss. Spattering is caused by steam being formed 
too rapidly at the bottom of the dish, by steam being formed beneath 
a crust which has formed on the surface of the liquid, or by steam bang 
formed from enclosed mother liquid in a solid that has separated The 
steam escapes then only alter its pres.sure has become consideiable. 
The breaking of glass dishes when heated over a ree flame is due to 
overheating the glass by contact of the flame wi h some Pa^ ^ Ms 
not being kept relatively cool by contact with liquid. Moting Uie 

vessel back and forth over the flame prevents breakage 
overheating of the glass ; the bottom is kept uniformly wet on the inside 

even when but little liquid remains. . . * *• „ \ cnlntion 

The behavior of acids upon evaporation is .f 

of hydrochloric acid of specific graiity . , hvdrogcn 

pherb pressure. The solution contains 20.2 per cent of hjdu gen 

chloride, and its concentration ^ 

mixture of water and liydrochloric acid )oi s as iig ' | ^ [ 

in evaporating a solntion of hydrochloric acid, al - 

quantity of hydinchloric acid of the 

acid to be more dilute. r,x;vfiito with water. 

r 

tains 98.3 per cent of anhydrous water 

once thought that these coiistan ’O' ,omposition of 
corresponded to hydiatc^ 

such a mixture and the boiling point ^a > . 

a way that proves that no ™|"l>o“'' ^ ^ „ nitrate 

When it Is desired to change a ,,it,. nitric acid, 

it is very easy to do this by evaporating once 

The nitric acid reacts witli the hydrochloric aci , 

6 HCl + 2 HNOj -* 4 HiO + 2 NO T + 3 Cl; 1 

( 41,0 nitre acid all the chloride is decom- 
and by adding an excess of t he t ^.|,nnge is to 

posed. The most economical w > ^ ,^rid, 

evaporate nearly to dryness ^ „„ ,„„re red fumes 

reoeating the evaporation and ad - mrl NOi) 

are evolved on adding the acid (NO + air = red NO,). 
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Similarly a solution of nitric acid may be changed to one of hydro- 
chloric acid. Aqua regia* is formed, as in the above reaction, and by 
using an excess of hydrochloric acid all the nitrate is decomposed. 

The replacement of nitric acid or of hydrochloric acid by sulfuric 
acid is based on another principle. This change is accomplished by 
evaporating till dense fumes of sulfuric acid are evolved. Very little 
sulfuric acid is lost until all the more volatile acid has evaporated. 

Phosphoric acid is still less volatile. By evaporation with phosphoric 
acid even sulfuric acid can he distilled off without losing an appreciable 
quantity of phosphoric acid, but the phosphoric acid is changed to pyro- 
phosphoric acid or to metaphosphoric acid. 

To change a sulfate or a phosphate solution to a chloride or nitrate 
presents a more difficult problem than that of simple evaporation. It 
is customar}’ to remove the phosphate or sulfate ions by precipitation 
or to prtM'ipitate the desired cation as hydroxide or carbonate and to 
dissolve tlie precipitate in the desired acid. 


Filtrtttion anti IVashing of Precipitates 

When a precipitatf* is proiluced in qualitative analysis it is necessary 
to remove it fr(.)nj the li(iuid 1)3' means oi JiltrcUion. The size of the filter 
us(.‘il shouhl be deternnned l>y the size of precipitate and not bj’’ the 
volume of )i(iui<i. In attempting to detect the presence of traces of a 
sul»-;tani e it is oft<Mi neeessarj' to work with large quantities of the orig- 
inal substam-e, and tliis involves the use of correspondingly lai’ge vol- 
umes of litiuid. If from sm h a solution a very little precipitate is 
foi'iiK d. it will iie practically lost if spread over a large filter, and further 
work with the j)r(eipitati‘ is huinpori'd. 

lb-fore such a precipitate is examined it must be completely freed from 
all traies <if tlie filtrate. This is accom{)lished l»y trashing. Washing 
nuisl I'e ( ontiinied until no te.st can be obtained with the wash water 
for a ci-rfaiti substama- known to bo present in the filtrate. For ex- 
ample, sll[>]^o^e lliaf ii Ls lUMN'ssary to filter off some .suspended barium 
.sulfale from a sohiiirtn containing sodium sulfate; tiie precijiitate must 
!)(■ eontiimully wu^IumI until a sample of the wash water, acidified \rith 
liydroelilori<‘ acid, no longer giv«‘s a precipitate on the addition of ba- 
rium chhaide. A'i n rule, it Is not advl<ai'I»‘ to run the wash water into 
flic filtrate, b( causi- this occasions an unnecessary dilution of the fil- 
tniie. The niler must always be smaller than tlie funnel, and the pre- 
cipiuitc- should not extend higlier than to within 5 mm of the top of the 


* Aqua ivl'ia is tl»e n:uiie nivon to a mixture of three voluroca of coneeutrated 
hydrochloric ueid and tine volume of eimcentrut^id nitric acid. 
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filter. Finally, large precipitates should be avoided as far as possible, 
for they render exact work more difficult — filtration and washing con- 
suming too much time. 


II. Reactions in the Dry Way 

These reactions are employed chiefly in the so-called “ preliminary 
examination,” in testing the purity of precipitates, and in the examina- 
tion of minerals. The most important reactions of this nature consist 

in the testing of a substance with regard to its 

1. Fusibility 

2. Ability to color the non-Iuminous Bunsen flame 

3. Volatility 

4. Behavior toward oxidation and reduction. 

In order to carry out these reactions it is customary to use the non- 
lutninous gas flame; and to understand the operations to be described 
it is necessary for us to know something about the composition of il- 

himinatinir eas and the nature of the flame. 

Illumiiiatfng gas, wlien made by the destructive distillation of eoa , 

contains about 1.6 per cent CO-i, 4.0 pcT cent C.H,. eornpomids i - 
luminants), 0.4 per cent 0., 8.5 per cent CO, 49.8 per cent H., 29.5 per 

cent CHi, 3.2 per eent C-iHo, and 3.2 per cent N.c 

All these components, except CO:, O:, and N: (which are prcsi 
only in small amounts), are combustible; they are reducing subs ances. 
Illuminating gas ordinarily burns with a lummous flame, and the lu- 
minosity is due to the presence of unsaturated hydrocarbons (C H:.) 
principally ethylene, propylene, acetylene, etc. If ethylene is heated 
to a eertJn temperature, it is decomposed into methane and carbon: 

C:H, -* CH. + C 

and it is glowing carbon which causes the lutninosity of the flame. 

The other unsaturated liydroearboim behave like ethylene. The 
remaining combastible constituents of illuminating gas burn with a 
non-lumlus flame. If we bring air into the gas the 
non-luminous. With the Bunsen burner an- is introduced In o| n g 
the holes at the base of the burner. In such a gas flame there arc, .ic- 

cording to Bunsen, the following parts (Fig. 1 ). „ t„iios 

I The inner one of the flame, aah, in which no conibu.stion takes 
place, because the temperature here is too low. This part of the flame 
contains unburned gas mixed with about 62 per cent of air. 

< In the drawing, the lines </ represent a metallic chimney 
which rests upon the support ec. It is aUvaiahlc to furnish each burner 

a flame protector. 
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II. The flame mantle, indicated by acaba, which is composed of burn- 
ing gas and air. 

III. The luminous Up, at b, which does not appear unless the air- 
holes are partly closed. 

In these three principal parts of the flame Bunsen distinguished six 
reaction zones: 

1. The base of the flame at a. The temperature here is relatively 
low, because the burning gas is cooled by the constant current of fresh 



1 .G. 1 



air, and also because the burner itself 
conducts away considerable heat. This 
part of the flame serves to test volatile 
substances to see whether they impart 
color to the flame. If several substances 
are present which color the flame, it is 
often possible to observe the colors oue 
after the other, in that the most volatile 
substance colors the flame first, and later 
the colors caused by the less volatile ones 
are seen. Tliis would not be possible at 
a hotter part of the flame, as all the sub- 
stances would then be immediately vola- 
tilized, producing a mixture of colors. 

2. The fusing zone at This lies at 
a distance of somewhat more than one- 
third of the height of the flame, and 
equidistant from the outside and the in- 
side of the mantle, which is broadest at 
tliis part. Since this is the hottest part 
of the flame, it serves for testing sub- 
stances as to their fusibility and volatility. 

3. The lower oxidizing flame lies in the 


outer border of the fusing zone at 7 , and 
IS especially suited for the oxidation of substances dissolved in vitreous 
fli:xes. 


4. The upper oxidizvig zone, at c, consists of the non-luniinous tip 
of the flame, and acts most effectively when the air-holes of the lamp 
a?v fully open. It is used for various oxidizing tests, the roasting away 
of . olatile products of oxidation, and generally for all processes of oxida- 
tion where the very highest temperature is not required. 

0 . The lower reducing zone lies at 5, in the inner border of the fusing 
zone next to the dark cone. Since the reducing gases are mixed here with 
oxygen from the air. many substances which are reduced by the upper 
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reducing flame are unaffected in this zone. This part of the flame is 
consequently very well adapted for a test which cannot be made with the 
blowpipe, namely, reduction on the charcoal stick, and in vitreous flu.\es. 

6. The upper reducing jlame is at tj, in the luminous tip of the dark 
inner cone which may he produced by gradually diminishing the supply 
of air. If the luminous tip has been made too large, a test tube or por- 
celain dish filled ^^ith water and placed over it will be blackened, which 
should never be the case. This luminous tip contains no free oxj-gen, 
is rich in separated incandescent carbon, and has, therefore, a much 
stronger reducing action than the lower reducing zone. It is used more 
particularly for the reduction of oxides collected in the form of incrusta- 
tions. 

WetWs/or the Examination oj a Substance in the Dry Way 

1. Test of the Fusibility 


This test Is principally made in the examination of minerals, which 
are introduced into the flame in the loop of a platinum wire (about as 
thick as a homehair). The sample is examined, after heating, by means 
of a magnifying glass to see whether the corners are rounded, as the result 
of melting. The potentially hottest temperature of the fusing zone 
amounts to about 2300° C.* It will never be possible to reach this 
temperature with the test, because the substance itself loses heat by 
radiation. Since the amount of heat lost by radiation is proportional 
to the -surface exposed, it is evident that we will obtain the maximum 
heat by using a very small sample and holder. For tins reason a coarse 

wire should not be used for this test. 

We dislingULsh the following degree.s of heat; 


1. Faint red glow oZo 

2. Dark red glow 700"' 

3. Bright red glow OSO'* 

4. Yellow glow 1100® 

6. Faint white glow 1300° 

6. Full white glow 1500 


Melting point of magnesium. 6.51 

aluminum. . 658. 7°t 

silver 960.5° 

gold 1003° 

coppei' 1083° 

nickel 1152° 

platinum. . 1773° 


Below 525° C the following substances melt: tin at 232°, bismuth at 
271°, lead at 327°, zinc at 420°. 


• This temperature will be considerably lower with too large a supply of air. 
According to Naumann, the temperature of illuminating gas with IJ time.s its volume 
of air reaches about 1818° C, but the temperature obtained is usually much lower 
owing to loss by radiation. The finest platinum wire can be melted by mcuius <.f 

the (lurne, but not when it is thick as a luirsehair. r\ r^c 

t Circular 35 of the Bureau of Standards, Washington, D. C. Cf. Burgess- 
Chatelicr: “ High-Tempcratiirc Measurements. 
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2. Color Imparted to the Flame 

The substance (best in the form of the chloride) is placed in the 
loop of a fine platinum wire, moistened with hydrochloric acid, intro- 
duced into the base of the flame, and then finally brought into the fusing 
zone. 

3. Test of the Volahlitt 

A little of the substance is heated in a small test tube or in a piece of 
glass tubing sealed at one end. Volatile substances are transformed 
into vapor, often without melting, and the vapors condense on the 
cooler walls of the tube. 

4. Oxidation and Reduction 
(a) In Vitreous Fluxes or Beads 

To make a bead, borax (Na 2 B 407 • 10 H 2 O) or salt of phosphorus 
{NaNH 4 HP 04 • 4 H 2 O) is used. A piece of very fine platinum wire, 
about 3 cm long, is sealed into the end of a glass tube. The wire is 
heated to redness, and then quickly dipped into the borax or salt of 
phosphorus, held near the flame, whereby a small amount of the salt 
is fused to the end of the wire. By repeated heating and dipping into 
the salt a bead of sufficient size is obtained. This should be about 
1.5 mm in diameter at the most. It is not advisable to make a loop 



at the end of the wire, because in this way the exposed surface is un- 
necessarily increased. There is no danger of the bead falling off, 
provided the wire is held horizontally in the flame and the bead is not 
too large. In order to bring the substance in question into the bead, 
it is only necessary to moisten the bead with the tongue, and then dip 
it into the finely powdered substance, which will cause a small amount 
to adhere to the bead. It is preferable to introduce too little substance 
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into the bead rather than too much, because, in the latter case, the 
bead will become dark and opaque. The oxidation of the substance 
in the bead is brought about by heating it in the lower oxidizing flame; 
reduction is usually effected by heating in the lower reducing zone, and 
cooling in the dark inner cone, in order to prevent oxidation, which might 
take place if the substance w^ere cooled in the air. 

In order to clean the wire, a borax bead is produced on the wire, 
which is then heated, as shown in Fig. 2, a, on one side of the bead 
only, so that the latter runs along the wire in the opposite direction, 
dissolving off all irnpui-ities. By heating the bead from the other side, 
Fig. 2, b, it is driven toward the end of tlie wire, from which it can be 
shaken off by a quick jerk. By repeating this process three times the 
wire is cleaned with the exception of a small amount of adhering borax- 
glass, which can be removed by heating the wire in tho fusing zone 
until the sodium flame entirely disappears. 


(6) Reduclion on the Charcoal Stick 


These exceedingly beautiful reactions are among the most sensitive 
of those used in analytical chemistry and should be faithfully practiced 
by every beginner. The cause of their sensitiveness is due to their tak- 
ing place on the extreme end of a tiny piece of charcoal, that is at a 
point, so that the sample has no opportunity to spread itself over a large 
surface, which is the case with the ordinary reactions on charcoal before 

the blowpipe. . . 

To carry out the.se reactions, we use an ordinary splinter consisting 

of good, straight flbers, such a.s used in an old-fashiom'd brimstone 
match (not a safety match, which ha-s aln-ady i)cen subject to chemical 
treatment). It is impregnated with .sodium carbonate (soda) in the 
following manner: A crystal of .sodium carljonate (Na:.C 03 ■ 10 H,0) is 
warmed in the flame, wherei)y it melts in a part of its water of crystal- 
lization. Three-fourths of the length of the match Is now smeared with 
this liquid soda, and the match is then slowly rotated on its axis in tlu? 
flame, until the soda melts and penetrates the charcoal. On witli- 
drawal from the flame there should be no place; which continues to glow ; 
if there is such a place, the stick should be quickly immersed in the soda 
again. In this way one obtains a little solid piece of cliarcoal, which 
can be heated for a long time without burning through. 

In order to carry out a reduction, a small amount of the substance 
to be examined is mixed on the palm of the Imnd witli an equal amount 


of anhydrous sodium carbonate, a small drop of melted sodium cai- 
bonatc crystal is added, and the mixture is mtuh into a paste by means 
of the blade of a penknife. The heated piece of i-han^oul is then rubbed 
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into the mixture, which adheres to it. The sample is first heated in the 
lower oxidizing flame until it has melted, and then moved into the lower 
reducing flame. The reduction will be made evident by a violent swell- 
ing up of the melt, caused by the evolution of carbon dioxide. As soon 
as the mass melts quietly the reduction is complete. The substance 
is allowed to cool in the dark cone, after which it is removed from the 
flame. The metal is now found on the extreme end of the carbonized 
match, concentrated in a point. This point is broken off and triturated 
with a small amount of water in an agate mortar. The excess of sodium 
carbonate goo.s into solution, part of the charcoal floats on the surface 
of the water, while the heavier metal sinks to the bottom. If the re- 
duced metal is iron, nickel, or cobalt, it will not be noticeable to the eye, 
but it may be taken up with a magnetized knife-blade, to which it will 
adhere, usually mixed with charcoal. This should be dried by cautious 
wanning, tlu’ tuft of nu'tal taken off, rubbed l)otwcen the thumb and 
forefing(*r, atid then brought into contaet with the knife again, to which 
only the medal will now adhere. The metal is then tran.sfcrred to a 
piece of ashless filter papcT about 3-4 mm wide and 50 mm long, so that 


it coim*s as near jis possible to the end of tlie strip. By means of a 
capillary tube, a drop of hydretehloric aeiil and one of nitrie; acid are 
ntlded. and the paper is warmed over the flame until tlie blaek speek 
(tlie metal) lia'i disjippeart'd, when tlie final test ean be nuuU*. 

In ordia- to test for iron, a drop of po(as.sium ferroevanide is added, 
thereby the presence of iron is shown ity the aj^iearancc of a distinct 
formation of I'russian blue. To test for nickel and eobnlt, (he metal Is 
dissolveil in nitri<‘ a< id, the exce.ss of a<'id is evaporated off, and a drop 
of roiicentrati'd iiydrocliloric acid added, whereby the paper is colored 
blue if is pre.'.eiit ; tli(‘ nick<“l shows at tin* most only a very weak 

greenish color -- usually, howev«‘r, no color. -V litth’ caustic soda solu- 
li«ni i- now aildcd, and the paper held in the vapors of bromine; if 
citlier nii'kc! or . obalt is present a brownish black spot appeal's, due to 
tin- format iou of either Xi(( )Il ):( or ( 'ofOlOa. 

If. lu)w< ver, tlie metal reduci'd was malhaible, it is u.sually obtained 
in tlh' form of a metallic globule on the end of the stick, where it can 
be examined with the aid (d a lens. Copper is not always obtained ;rs a 
gloliiile. l)iit u.'^iially as a reddish sintered mass. By pressing down on 
a mnllenlih' metal in the agati- mortar it is obtained as a glistening frag- 
ment, which can b<‘ readily separatetl from the specifically lighter i-liar- 
coal by vashing. To accomplish this the agnt>‘ mortar is inclined and 
a strcium of water is directed sidewise upon tlie mass, wherein- the char- 
coal is waslicd out with the water, and the metal is hdl clean. It is 
transfi‘rred to a watdi gktss and (t'sted a.s hillows: 
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1. The Metal is White (Pb, Sn, Ag. Pt). The metal is treated with 
a few drops of nitric acid and carefully warmed. Lead and silver dis- 
solve readily, particularly upon addition of a little water. Silver will 
be detected by the addition of a di-op of hydrochloric acid, whereby 
white silver chloride, soluble in ammonia, is precipitated. The test 
for lead is dilute sulfuric acid, which precipitates white lead sulfate. 

If the metal, on treatment with nitric acid, remains unchanged, it is 
probably platinum. It should be dissolved in aqua regia, evaporated 
to dryness, dissolved in a little water, and potassium chloride solution 
added. A yellow, crystalline precipitate confirms the presence of plati- 
num. If the metal, when treated with nitric acid, becomes changed 
into a white, insoluble oxide, it is tin. In this case, another fragment 
of metal is dissolved in concentrated hydrochloric acid and tested for 
tin by means of mercuric chloride solution, or by adding sodium h} diox- 
ide and a very little bismuth nitrate solution (p. 109, §0). 

2. The Metal is Yellow to Red (Cu, Au). Copper is readily dissolved 
in nitric acid, and the solution gives with potassium ferrocyanide a 
reddish brown precipitate. Gold is insoluble in nitric acid, but soluble 
in aqua regia. The evaporated solution gives a violet-brown color with 
stannous chloride, due to finely divided gold. 


(c) Reduction in a Class Tube 

Besides the borax bead and the charcoal stick, reduction is often ef- 
fected by means of metallic sodium, potassium, or magnc'sium. 

Thus small amounts of phosphorus in anhydrous salts may be de- 
tected in tin; following manner: The substance to be tested is placed 
in a gla.ss tube, 3 mm wide and 50 mm hmg, which is closed at one end. 
A small cylinder of ixitassium or .sodium (freed from petroleum by rul> 
bing between filter paper), or even a piece of magnesium wire, is added 
to the tube, and the contents then heated until the glass itself begins to 
soften. The reaction is so violent that the substance seems to take fire. 
After cooling, the tulje is broken in a porcelain mortar, when by breath- 
ing over the ma.ss, the smell of phosphoretted hydrogen may be detected. 
The halogens, sulfur, arid nitrogen are tested for in a similar way, 

as will be shown later. 


(d) Reduction in the Upper Reducing Flame for the Purpose of 
Forming Metallic and Oxide Incrustations 

The volatile elements which arc reducible by means of hydrogen or 
charcoal may he dot<-ct(‘d in this part of the flame with the greatest ease, 
a.s, for example, arsenic, antimony, cadmium, bismuth, selenium, and 
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tellurium. The metallic incnistations are obtained by holding in one 
hand a small portion of the substance on a thin asbestos thread (plat- 
inum will be attacked) in the upper reducing zone of a small gas flame, 
where the oxide is reduced to volatile metal, and burned in the upper 

oxidizing flame to oxide. In the other hand, 
closely over the substance to be tested, is 
held a glazed porcelain evaporating dish, 
filled wth water, as is indicated in Fig. 3 
at B. The metallic vapors are condensed by 
the cold dish, and deposited on it in the form 
of a metallic mirror or film. If, however, the 
dish is held above tlie upper oxidizing flame 
(at d), there is formed a thin, often invisible, 
oxide incrustation on the bottom. 

Should it be necessary to treat the metallic 
incrustation witli a large amount of solvent 
(as is necc.ssary in the detection of selenium 
and tellurium), the porcelain dish is replaced 
it,\’ a test tniie half filled with cold water. A somewhat larger test tul^e 
is used to lioM lije .solvent, and the .smaller test tube, on which the 
incrustation was depo.sited, is placed within the lai'ger tube aiid the 
licpiid warjiied if nece.s.sary. 




(c) Blowpipe Bahiction on Charcoal 

These tests are made in tlie so-called “ preliminary examination.” 
For this purrHi.se a small cavity is made with a penknife in a piece of 
good cliareoai ([m-fcralily of linden wood), in which a knife-bladeful of 
the substaive to be tested is phu'i'd, previously mixed with tunce as 
much anhydious .‘iodium carbonate. Since charcoal is a porous .sub- 
stance. it will readily absorb mi-lted sub.stance.':. such a.s a salt of the 
alkalies. (Mlic siibstatu'es are i-liangod. by moans of tlie sodium car- 
bonate usvd. into carbonates, wliich are. for the most part, decomposed, 
on heating, into oxides and carht)!) dioxide. The oxides of the nolde 
metab .an' deiauupo.^al, without the aid of the chaicnal. into oxygen and 
mi'tal; lliose of tie- remaining metals are either reduced to metal or re- 
main unchanged, 'rims ( 'ip ), ldi ( ). Bi-.O.,, Sb./b, Sn(T. Fi‘.;() 3 , NiO, and 
( ()•> aie reilucpcl either to a fused metallic globule (Ph, Bi, Si), Sn, Ag, 
and .\ub or to a sintered mu'S of metal (Cu), or to a glistening metallic 
fragment (Fe. Xi, Co. IT). The oxides of zinc, cadmium, and arsenic do 
not giv.' metallic glolailes, but are, howi'ver. easily redueed to metal. 
Tlu'se im tals are so volatili* that they are chang(‘d into \apors. and are 
carried from the reducing zone of the llanie into the oxidizing zone 
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where they are changed into difficultly volatile oxides. These oxides 
which have characteristic colors, are then deposited on the charcoal 

Zinc gives an incrustation which is yellow while hot and nhite nhen 
cold; that of cadmium is brown; the oxide of arsenic gives a white and 
readily volatile incrustation. Furthermore, the vdatilization of arsenic 
gives rise to a characteristic garlic-like odor The metals lead b.,- 
Lth, and tin give, besides the metallic globule, an oxide incrustation 

'"If the^^samf time, nitrates, nitrites, chlorates, etc may 
nized by the fact that they cause a very rapid combustion ‘ "j 

ing charcoal (deflagration). This deflagration is not to be coiifusod 
fith aTef epLtion which takes place on heating substances ™^in- 
ing enclosed moisture or gases, such as rock salt, fliioi^par. et _ ‘ , 

of such substances are burst by the quick expansion of the eiulo.-<d 

liquid, and scattered about. r.l,nr,.Aal 

Many difficultly fusible substances do not melt into the 

Thus rlanTsilicates form a bead with the soda, which only af or co„- 
tinuou. heating will give up the alkali and allow it to f ‘ 

charcoal, leaving behind the white infusible silica. ^ ‘ 

borates ket similarly, only these do not leave behu.i ^ f 

fused glass. Infusible 

more strongly heated. 


Spectrum Analysis 

If a rav of white light is passed through a glass prism, not only is the 
direc«rof ;hc ray diaiifal, but the white light is decomposed into 
colors; it suffers dispersion. It will be 

found that the red rays arc deflected 
least and the violet rays most. The 
picture obtained — the spectrum i 
projected on a screen (Fig. d), does 
not show the colors sharply separated, 
but merging into one another. Su<h 
a spectrum is called a continuous, or 
unintermpted. spectrum. Kvenj glow-^ 

ing solid or liquid hodyeiniiswhitf- light, (Mtiwioir 

iZ soectra ohlained in all such cases mil he continuous e/ui.s. 

tne epectra ootainea in Hifforeiitlv They do not emit white 

vapors and leases Iwiiave quite aiiitr y- 



Rc^l 
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light, but light composed of rays of definite wave lengths, which are 
characteristic for each gas and for each vapor. The light emitted from 
glowing vapors or gases, when decomposed by the prism, yields on the 
screen a discordinuous or irUerrupied spedrum. If the light is pa^ed 
through a fine slit before reaching the prism, the spectrum will be found 
to consist of a greater or less number of colored lines which always ap- 



Fiq. 5 

pear in the same place with any given substance, provided the prism or 
its position is not changed. To determine the e.xact position of these 
lines, Bunsen and Kircbhoff made use of a spectroscope similar to that 
shown in Fig. 5. A cross section of the apparatus is showm in Fig. 6. 


Fio. 6 

The substance to be examined is placed in the loop of a platinum 
wire and introduced at A into the non-luminous gas flame, by means 
of which It 15 volatilized. The rays of light pass through the slit into the 
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collimator tube Sp, reach the prism, by which the rays are refracted 
into the telescope C, and are observed at D. Vpon a glass plate at 
the end of the tube Sk is a transparent scale, which is illuminated 
by a smaU flame at B. This tube is so incUned toward the face aa of 
the prism that the rays of light from this tube are totally reflected into 
the tube C, and reach the eye of the observer; thus the rays from the 
substance appear at a certain position on the scale. However, as the 
position of the lines depends upon the dispersive power of the pn^m 
Ind upon its angle of refraction, it is clear that the position of the lines 
may be somewhat different in different spectroscopes. As every ray 
has a definite wave length, it is better to give the wave lengths of the 
rays which appear, rather than their position on the scale. 

Wave lengths are expressed in millionths of a millimeter called milli- 
microns and designated as mM. or in Angstrom units, abbreviated A. 
1m = 0.001mm, ImM = 0.001/1, lA * 0.1 raM. 

The following values give the wave lengths of various lines in the 


spectrum : 



.. .Rbi 

= 795.0 m/i 



= 781.1 mM 


1 

= 700.9 mM 

potassium goudic 

1 

...Li« 

, = 7o0. 0 mM 

= 070. 8 mM 


...Cd^ 

= 643.9 mM 


. . . Li^ 

= 610.8 mM 

Urangc-yciiow iiiniuin 

Yellow sodium (middle of the double line) . . . 

. . . - Na 
.... Ca^ 

= 589.3 lUM 
= 554.4 mM 


...Tl 

= 535.0 niM 

XrDaillUtll 

. .Cd„ 

= 508-0 mM 


. . .Cd^ 

= 480.0 mM 

JdIuc caxUnium 

. . . .Cd^ 

= 407.8 mM 


. . . -Srs 

= 400. 7 mM 

* 1 • 

.... Csjs 

= 459.3 mM 


.... CSa 

= 455. 5 mM 


Ina 

= 451.1 mM 

Blue-violet inaium 

Rb^ 

= 421.5 mM 


Rba 

= 420.2 niM 


. . In^ 

= 410. 1 mM 


K, 

= 404.4 raM 



= 396.8 m// 

11 (r raun holer L/ lint 



* The cadmium lines can be seen distinctly only in spark spectra. 
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In the earlier models, the spectroscope did not have a scale graduated 
in terms of wave lengths. Thus the sodium line appeared at division 
50 instead of at a graduation marked 589.3. If, how’ever, the wave 
lengths are plotted as ordinates and the corresponding scale divisions 
as abscissas, a plot can be obtained from the readings for the charac- 
teristic lines of say IC, K^, Li«, Na, Tl, Sts, Ina and In^ and their known 
wave which will show the wave length corresponding to any position 
on the scale. The modern instniments, however, give the wave length 
of any line to within 0.2 m^. 

To obtain a sharply defined spectrum, the instrument must be ad- 
justed so that the rays enter the telescope when it is adjusted for parallel 
rays, as can be accomplished by focussing it upon some distant object. 
The collimator tube must be lengthened or shortened until the picture 
of the slit is sharply defined and the scale tube adjusted until the scale 
is clearly defined. The direct vision pocket spectroscope, wdth an 
arrang(‘ment of prisms as shown in Fig. 7, is useful in the laboratory 
when it is desired to make a quick te-^^t for alkali or alkaline earth 
cation. 



It is not possil^Ic to volatilize ail sul)stances in the gas flame but by 
means of an electric spark most sub.stanees can be volatilized sufficientlj’’ 
tl) give spark spectra. To accomplish this Bunsen attached platinum 
w ires to conical pieces of charcoal which were soaked with the solution 
to bf ti nted. Then by passing an electric .‘^park through the two carbon 
points, enough of the salt was volatilized to give a spark spectrum which 
could be viewed in the spectroscope. Some of the lines, however, are 
then cau>e(l by the carbon electrodes and some by the air. To avoid 
this a solution of the salt can be used as anode and an iridium wire as 
cathode, nearly touching the surface of the liquid in a so-called ful- 
gurafor. As little as 0.002 mg of calcium can be detected in 1 ml of 
solution in this way. In the case of metals, sometimes it is made one 
of the electrode’s in an electric arc or a little powdered sample is placed 
in a cant)- of the 1ow(T electrode of an arc. 

d'o extunine gas spectra, snuill (deissler tubes are used wliicli contain 
the gas to he delected. 

Besid(‘s (lame spectra and spark spectra, ahs.trptiov spictra are some- 
times useful. If white light is i.assed through a colored solution or a 



SPECTRUM ANALYSIS 


83 


gas, certain rays arc absorbed and if the light is then viewed through a 
spectroscope, these rays will be missing. A bnght light will be seen 
broken by black bands which are characteristic of different substances. 
Thus solutions of permanganate, neodymium, praseodymium, erbium 
and many other substances give characteristic absorption spectra and 
the dark Frauenhofer lines in the spectrum of the sun tell us what 
elements are present in the atmosphere of the sun. The absorption 
spectrum of the blood of a mouse which has died from carbon monoxide 
poisoning is characteristic and in this way the presence of carbon 

monoxide has often been detected. 

A spectroscope capable of use for spectrum analysis was hi-st made 

available by Kirchhoff and Bunsen at about 18(i0. The discovery, lutli 
its aid, of cesium (1860), rubidium (1861), thallium (1861), and iiidnmi 
(1863) promptly showed what a potent instrument it was for re.seareh. 

In many problems, time may be saved and error avoided by the use 
of spectroscopy to supplement the ordinary methods of e ieinical aiialy- 
sis, for example: 1. Rapid qualitative analyses for all the me alhc 

constituents of a substance as a basis for planning the d.enneal analysis. 

2. Approximate analyses by examination with a visual mstrumen . 

3. Examination of precipitates for freeilom from eoii.stituents w iieli 
should have been separated. 4. Testing the purity of analytical re- 
agents 5. Detection of rare, unexpeided, or trace metals m inmerals. 
6. Analyses of substances of which only very small quantities are 

available. 7. Check control of metallurgical factory output 

For visual use, one of the “ Wave-length ” forms is desirable. Various 
sizes are made; the one usually selected is .shown in Fig. 8, bu odea 
adequately with substances which contain considerable quantities of 
Fe, Mn, Ni, Ft, Ti, and otlicr melals having complex spectra a laig<T 

iiLStrumont is needed.* ? i • ^ i. 

Although the wave-length spectrometer is a very useful instriinient 

for such problems as are mentioned above, most of the work m an in- 
dustrial laboratory calls for a quartz spectrograph (wz., an apparatus for 
photographing the spectrum). It is true that the ehemist can often, 

• Of textbooks written by prsclicnl spcctroscupLsts tl.c following deserve speciiil 
“rL™ in Science and InMry. S. Judd Uwis, Ukiekie & Sons, Ltd., Ixn.don 
J “pmd'ice of Spectrum Analysis. F. Twymen, F.R.S., iind a nuniber of eollali- 

’"‘w^.elenylh Tabke far Spectrum Analyeie. F. Twyman, F.U.S., and D. M. Smith. 

A.R.C.S.. B.Sc., Adam Hiller. Ltd.. Ixmdon. _ ^ . . ,, 

Bibliography of UUraturc o« Spedrum Analy>ns, D. M. Smith, liiitiBli Non-rerrous 

Metals Ilesoarrh Association, Ix>iidon, 1035. 
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by merely looking through a spectroscope, assure himself of the presence 
or absence of a particular metal, but the spectrograph is generally more 
useful — first because most of the distinctive and sensitive spectral lines 
lie in the ultra-violet part of the spectrum, which is invisible to the eye; 
secondly, because a permanent record is obtained; and thirdly, because 



Fig. 8 


a spectrogram of a sample can be quickly taken by any intelligent lab- 
oratory assistant and the chemist can then carry out the examination of 
th(‘ photograph at his leisure. 

A UKxlern quartz spectrograph is shown in Fig. 9, and Fig. 10 shows a 
typical analy.'iis made with its aid. 



In Fig. 10, the bottom spectrum is of zinc supposed to be pure, the 
ini<l<ilc i.s a of sample of zinc spelter under examination, and the top is of 
cfidmiuin, the metal who.^e pre.^onee or absence i.s to be determined. By 
seeking in the middK- spretrum liiii's which arc absent from the bottom, 
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but strongly present in the top, one Ends by the presence of the sensitive 
cadmium lines 326M, 3406-6. 3466-2, and 3610-5 the spelter 
contains some cadmium. The two lines 3247-5 and 3‘-74 0 whic 
appear in all three spectra are the raies uUimes of copper, shoeing that 
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OOUNN 

• • • > « 
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Cadmium 


Spelter 


Pure Zinc 


Fia. 10 


even the supposedly pure sine is not free from a small quantity of this 
impurity. Lead is present in both the eadmium and spelter, but not m 
the pure zine, a,s shown by the lines 3683-5 and 3639-6. A small quan- 
tity of silver is present in all three samples. The silver line 3382-9 ap- 
pears faintly in the three spectra, but the line 3280-7, which is present 
in the spectrum of the cadmium, is masked by the strong zinc hue 

3282-3 in the two zinc spectra. 


Division of the Mctah into Groups 

The metals, for purposes of analytical cheini.stry, are usually dmded 

into five groups: . ? u. 

The First Gr(mp contains those metals whose chlorides are tnsolu , 

or difficultly soluble, and whose sulfides are insoluble, in dilute acids^ 

They may, therefore, be precipitated from their solutions by means o 

either hydrochloric acid or hydrogen sulfide. 

The Second Group contains those metals whose chlorides arc soluble, 

but whose mlfides are insoluble, in dilute acids. They may be precipi- 
tated from their solutions by means of hydrogen sulfide, but not by hy- 
drochloric acid. 1 i] • 

The Third Group contains those metals whose sulfides are soluble ui 
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dilute acids, but are insolul)le in water and alkalies; and also those metals 
whose sulfides are hydrolytically decomposed into hydrogen sulfide and 
insoluble hydi-oxide. The members of this group are precipitated com- 
pletely by hydrogen sulfide only from alkaline solutions. 

The Fourth Group contaias those metals whose sulfides are soluble in 
water, but whose carbonates are insoluble in the presence of ammonium 
chloride. They arc precipitated by ammonium carbonate in the presence 
of ammonium chloride, l)ut not by any of the above reagents. 

The Fifth Group contains magnesium and the alkalies; they are not 
pi'ecipitated l^y any of the above reagents. If the ammonium carbonate 
precipilation is carried out in a concentrated solution containing alco- 
hol, magnesium will l)e precipitated in the fourtli group. This pro- 
C(‘diir(? is in some* resp(‘cts advantageous. 


This purclv jirhitrury Kniupiup is ha.sed uih)1i certain specific soluhilities and does 
not classify tljc t;cncral chemical l)chavior of the elements as the periodic system of 
nmupiti^ dues. In some cases the memhors of the analytical Rnmp all belong to 
the saiiK' Riiiup in the periodic system but this is not usually true. The table on 
piiRf' S" shows how the elements are grouiied in the i>criodic system. The Roman 
imnirial" aernss (he t.ip of the taltle show the number usually as-signeti to the group 
iT fainity. The iieM li-irizental ci>lumn slmws the lowe.sl valence of the family as 
rcprc'CiiJcd I'V a type al hydride. Below this is shown the highest valence of the 
family as lepresrntcd by a ty(tieal oxide. Note that there arc eight unit.s dilTercnce 
bciwcen the lowest tn'gafivc valence and tlie highest jHisitivc valence of the element 
m a given family. I he heavy number in front of the symbol of the element is the 
so-called /. It n-presouts thc number of excess po.sitivc charge.s on the 

riM-'leiis fif ilic atom atid i- the same tis the number of electrons rotating about the 
t.iii len.- of the free at{>m. The ehernieal propertic.s of the elements are due, it is 
brhrved, to llic [.umber of ihc'O eleetrojis and the wjiy they arc arranged abovit (he 
III!' leli'' 


I'l older to carry out an aiialv.-is with certaitity it is necessary to understand not 
Old',’ the ri'actioiis of t li-' 'iilTerent elements, but also (lie ar.«.s of each reaction. 


'Dh' .'iiiah st should ' "■ able- to ihaw a conelu>ioii by the si/e of the precipitate formed 
a. to till' approximatr’ amount which is prcsetit in the original sulistaiice. Tliis, 
ti 'wcvcr, is pos'il'le only when the experiments are made with known amounts, 
t ',ir, i/ti, fitf’/ ri <f(/i III . !</ ti hn-yirit .•.tmni'h arc u..iil aii'l <illou-cii lo Oi l on knoH'ii amounts 
• e' I III , af - tr II. . According to I lie sugge.-l ion of R. Blochniaiui* it is well 
bi inak*' the soluiini..; the ditTeretd rcaircnts either tlouble-normal, normal, half- 
iioriiia.l, or t ei.t li tea mab l-Ar many years the author has used in his laboratory 
solulii i;> of roagent.' and salts accordirig to (tii- principle, and ha.s fmmd that the 
bcgiiiacr iii tin- \\,iv un'ts a far better understanding of the stojehiomet rical relations 
t lian w!ie!i .-I 'lu' n .ns < if abii' i<l aiiv concent rat ion are u-ed. a.s was f<a-merlv ( he cu.stom. 

By a ..-I' full solut io'i i~ iii.di i-'-tooil otic which contains in a literone gi am equivalent 
of the -ub'taiir-e ui que.-iion. referred ton giam Motn of bwlrogcn as a unit. A teuth- 
ir -iinal sol'ii i ,11 u ill c aitaiii o[i(>-tetitli of a gram equivalent in .a liter, etc. 




1890, 
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PERIODIC TABLE OF THE ELEMENTS 
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Thus one liter of a normal solution will contain 


HCl 

= 36.47 g 

H 2 SO 4 

2 

- 49.04 g 

H,PO, 

3 

= =32.6Sg* 

NaOH 

= 40.01 g 

KMnO, 

0 

31.61 gt 

0 

KcCr.Or 

6 

004 0 

= » 49.02 g t 


equivalent to one 

gram atom of hydrogen 


The great advantage of this system is that one always knows how 
mucli of one solution should be used in order to react with another quan- 
titatively. Tlius 1 ml of a normal caustic soda solution tvill neutralize 
1 ml of a!iy normal aciil, or 2 ml of any half-normal acid. In the same 
way 1 ml of a normal solution of sulfuric acid, or of any sulfate, will pre- 
cipitate (piaiititatively tlie barium from 1 ml of a normal barium chloride 
solution. 


The Laboratory Reagents 
I. CoNXEXTB.\TED AciDS 


Sp. pr. 


Arnti*’ acid, gkicial 

I'Orniic arid 

HyUrobromic ncid 1.-19 

Hyilrocliloric acid 1.19 

Hydrofluoric acid j 1.14 

Nitric rtciil i 1 .42 

Pcrcliloric ucid ' 

Phosphoric a. id i 1.7 

Sulfuric aciii 1.S4 


Per cent by Wt. 


99.5 

27 

4S 

37.9 

4S 

69.8 

60 

85.0 

06.0 


Approx. Cone. 


17 AT 
6iV 

ON 
12 N 
27 N 
IGN 
9N 
15 N 
ZGN 


* A- uiiiini; that Ihc three hydrogen atoms are replaceable (cf. p. 11). 
t ’1 Ins is eotjsideriug tiie solution as an oxidizing agent. As a precipitant, the 
n-uin.vl solution of KMnO^ would contain one mole i>er liter. The reagent is almost 
invariably ii.-ed an an oxidizing agent and not as a precipitant. 

I Also considered as an oxidizing agent. As a precipitant, the normal solution 

of K.CrAh u>ed to form PbCrO, or BaCrO* would contain one-fourth mole per 
liter. ^ 
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II. Diluted Acids 


J 

Sp. 

Per cent by Wt 

Approi. Cone. 


1.Q47 

35.0 

OiV 


1.10 

20.0 

0 A 

A V 

Nitric acid 

1.20 

d2 .3 

0 

QN 

Perchloric acid 

Silicotongstic acid 

TT q:/% to OO M O 


42 

N 

GiV 

0-33 iV 
o V 

Jd^lUe • VVUj • • 

I.IS 

24.8 

m X 


(satd. som. oi ouj 

Tartaric acid 

(150 g per liter) 



HI. Bases 


liX. 'w*' 


Sp. gr. 

Per cent by Wt. 

Approx. Colic. 

Ammonium hydroxide 

Ammonium hydroxide 

Barium hydroxide 

Potassium hydroxide 

Sodium hydroxide 

0.90 

0.00 

(satd. so!n. Ba 
1.37 

1.22 

28'; NH, 
O.OVc NH, 
(OH), -SILO) 
30 . 9 

19.7 

1.) .V 

0 A 

0 . 4 A' 

9 A' 

ON 


IV. Salts 

(a) Salts 


Name of Salt 

I>ifC« tion 5 lor Makini? Reagent 

Cone. 

Ammonium acetate 
NH,C,H, 0 ,orNH 4 Ac 

of. 0 -n..rn.Hl a«-t.c .rul 
Hnd 0 -normal ammonia. 

3 .\ 

r — 

'Ammonium carbonate 
(NH4),C03 

Dissolve 2.50 g freshly 

coSme^iLl‘«ilt is NH.IICOj • NU.CO.NM:. 

0 A' 

^^monium cldoride 

NH«Cl 

Dissolve .‘>4 g in 1 1 of water. 

A’ 

9 on a per liter. 

Sutd. 

Ammnniiim cllloridc 

4rvw ^ j* 

A’ 

(3 A’ in 
NH 4 NO 3 ) 

Ammonium molybdate 
(NH4 ).Mo04 

T^• .i,.« on 0 - of oure ammonium molybdate 
DissoInc 'HJ g 0 j MIT /\iJ tubi ‘^40 cz of 

' Ammonium oxalate 
(NH.),C,04 

■ H.0 iu ICX) ml 

water. 

0.5 N 

niirpfit 1 1 O-normal ammonium monosulfidc 
° Sh 25 g f^'vers of sulfur for some hours and 

filter. 

0 iV 

"Ammonium polysulfide 
(NH«),Sx 

Ammonium sulGdc 

(NHO^ 

Pnia n.S into 200 ml 15 -normal NH.OH m 

ON 
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(6) Other Salts 


Name of Salt 

Formula 

Formula 

Weight 

Grams per 
LiUr 

COQC. 

Barium chloride 

BaCh • 2 H2O 

244 

122 

N 

Cadmium nitrate 

Cd(NO,)s • 4 H,0 

308 

154 

iV§ 

'Calcium chloride 

CaCh • 6 H2O 

219 

110 

N 

Calcium sulfate 

CaSO. • 2 HoO 

172 

2.6 

Satd. 

Cobalt nitrate 

Co(NO,)2 • 6 H-O 

291 

437 

3iV 

Cobalt nitrate 

Co(NOs) 2 • 6 HjO 

291 

44 

0.3iV 

Ferric chloride. 

FeClj • 6 H-0 

270 

90 

N* 

Ferric nitrate. 

Fe(NOj)s -OHaO 

404 

135 

N 

Lead acetate 

PbfCaHaOalj-SHjO... 

379 

190 

N 

I^ad nitrate 

PbfNOjh 

331 

165 

N 

Mercuric chloride 

HgCb 

272 

27 

0.2 N 

Mercurous nitrate 

Hg^(NOa)2 • 2 H-0 

561 

280 

N 

Potassium bichromate . . . 

K2Cr'07 

294 

49 ' 

iVt 

Potassium chromate 

K-CrOi 

194 

291 

3 Y* 

Potassium cyanide 

kcn 

65 

65 

N 

Pota.^sium fcrrioyanidc. . . 

KdFefCNla) 

329 

no 

N* 

Potassium ferrocyanide . . 

K4|Fc(CN)6)-3H30... 

422 

105 

N* 

Potassium iodatc 

KlOj 

214 

75 

0 ‘35 N 




as salt 

Potassium iodide 

KI 

166 

166 

iV 

Potassium nitrite 

KNO» 

85 

510 

6 N 

Pota.'J.'iiutn oxalate 

K^COi • H-'O 

1S4 

276 

3 N 

Potassium permanganate.' 

KMn04 

15S 

10 

0.3 iVf 

Pota-ssiuin thiocyanate. . , 

KCNS 

97 

97 

N 

Silver nitrate 

AcNOa 

170 

17 

0 1 N 

Sodium acofatc 

NaC HjO. •3H^O. .. 

136 

136 

N 

Sodium arsonite 

NaAsCK 

130 

130 

jV 

S( Kiium bi('url>onate ' 

NaHCOj 

! 84 

S-4 

N 

Sodium hi'iulfife 1 


190 

190 

4 .V 

Soiiium bromide 

NaHr • 2 HaOorNaBr. . 

139 or 103 

' 69 or 51 

0.5 N 

Sodium rnrlu)n:itt‘ 

Na CO. 

106 

159 

•i V 

Sodium nitritf* 

NaXO. 

t’.9 

210 

3 A' II 

SodiutJ) phosphate ! 

\a HPO4 • 12H.O . . . . 

358 

119 

N 

Sodium .sulfatf' 1 

' Xn..SO, . 10 ILO 

322 

160 

N 

Sodium thiosulfate i 

Na.SO, -.ULO 

218 

124 

0.5 A't 

I'ranyl acct.ute | 

lU'CdLOji- 2 11,0.. 

1 

424 

21 

0. 1 Y 


* As precipitant. f As oxidizing agent. t .Vs reducing agent. 

§ 'riiis reagent mvist lie free from sulfate. 

11 If the s;dt contniu-H eliloiide mix with 1 per cent of its volume of silver nitrate 
and filter after slmking. Note on the label that the reagent contains AgNOj. 


V. SPKct.vn Re.\of.n w 

Antimony trichloride, ti-iuolar: Dissolve i:i7 g of SbCb in enough 6 .V HCl to make 
100 ml. 

Bismuth nitrate, npprnx. t .Y; Completely saturate 0 N acetic acid with 
BiiNC:,holl;0. 

Bromine, li(|uid: IVe the c.p. product. 

C'ldoicplatinic acid: Dbs..lvc 20..-. g II .[Pt n.] 0 II;0 (corrt'sponding to 10 g 
IM ) in i iciugii wal<T t«. make HH> ml of >olutiim. 

Dimelliylglyoximc: Dis.s..lve 12 g ..f the .solid in 1 I uf Ita per .out elhvl aleohol. 
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Ether saturated with HCl: Saturate anhydrous ether at 0“ with dry HCl 
Fermus suUate, 2 N: Dissolve 280 g FeS0.-7H:0 in 500 ml of 6 .V sulfune acd 

and keep in contact with iron nails. 

Hydrogen peroxide, l-mo!al: Use the c.p. 3 per cent solution^ 

Hydroxylamine hydrochloride; 3-molal: Dissolve 21 g of NH^OH - HCl m enough 

water to make 100 ml. m /-.i „„ j 

Magnesinm ammonium cUoride, N in MgCl,: Di^olve 100 g MgC vGH.O and 
100 g NH.Oin water, add 50 ml 1.5-normal NH^OH. and dilute to 1 1. 
Magnesium ammonium nitrate, 1-nornial in MgCN'Oj):, 3-uorma m ammonium 
nitrate: Dissolve 130 g of MgCNO.l.GH^O and 240 g m water, add 

35 ml of 6-normal NH«N03, and dilute to 1 1. j ca „ 

Magnesium uranyl acetate: Treat separately 8.5 g of urany ^0 g of 

magnesium acetate, each uith 6 ml of glacial acet.c acd and 95 ml o uate , 
heatog at 70" until clear solutions arc obtained. Mix at this temperature, al- 
low to cool, and hlter after standing two hours at 20 . 

Me^wf Dissolve 1 mg of indicator in 25 ml of 95 per cent alcohol and 75 ml 

Pota^Iirantimonate: Add 23 g of the bust coinnicroial sal. to 1 1 of boiling water 
boil until nearly aU the salt has dissolved, cool quickly, add do ml of 10 per 
KOH solution, and filter after standing ^cr n'ght. 

Potassium carbonate, 50 per cent: p, HgL and 80 

n^eZgh w:tor^> mXt::: volun.: .500 ml ; add ^ ml C-onnal XaOH 

and decant the solution th^wlter used, 

stock solution should be kept in the dark t or sen. ui 

as weU as the solids, must be absolutely free from ammonia. 

Sodium acid tartrate: Use a DilXe'JO/ g of c.p. NaNO: and 

Sodium cobaltinitrito, l-mohir m NaaCoC- . • acetic acid and 

291 g of CoCMOi). . 6 H..0 in ,500 ml o - 

let the mixture stand at least 24 ln>ui.>. i mvi 

not nmre than a few weeks before Saturate 100 ml of water 

Sodium 6-chloror5-nitrotolucnemctasulfo«ute. baturaie 

with salt prepared as descril»ed by Schultz and Lucas. J. .4m. CAcm. Xoc.. 4a. 
298 (1927). ,,,, 2 nj of Brvwatcr 

zxrrf i ‘ -> - ■“* """ 

solve 480 g of NaiS-OHsU ana au g . i i 

shake untU aU the S ‘ of SnClr2 ILO in 170 ml 12-normal 

Stannous chloride. 1-normal: Dissolve K ■ ,« n .?trin of nure tin 

HCl, diluw to 1 1, „arch to a thia pa,te with a little 

Starch and potnasium iodide. Kuu -u g minutes 

water in a mortar and pour the g KI and 5 ml chloroform 

and filter through a loose plug of cotton wool, aqu h 

to the filtrate. 

Thiourea: Dissolve 100 g of the “"''J 'J „i,d filter. 

Turmeric: Shake turmeric powder witli Jo per ce 
Urea: Dissolve 200 g urea in 1 I 6-normui llCl. 
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VI. Saturated Solutions 


1000 ml wat«r dissolvas 

Barium hydroxide 68 g Ba(OH)j at 20® 

Bromine water 32.68 g Br* 

Calcium sulfate 2.6 g CaS04 • 2 HiO 

Chlorine water 6.5 g Clj 

Hydrogen sulfide 4.2 g H2S 

Lime water 1.3 g CaO 

Sulfurousacid 106 g SOj 

VII. Special Solv'ents 

Amyl alcohol Ethyl acetate 

Carbon disulfide Ethyl alcohol (99 per cent) 

Carbon tetrachloride Ethyl ether 

Chloroform Methyl alcohol (free from acetone) 


Gases 

Chlorine: Prepare by dropping 12 N HCl on KMn04 crystals. 

Hydrogen chl«)ride: Prepare by dropping concentrated sulfuric acid, 5-10 ml at a 
time, through a thistle tube upon 100 g of sodium chloride until 100 ml of acid 
have been added. Thereafter, warm the mi.xture but do not heat above 80®. 
Use a small-bore delivery tube for the escape of the gas and have the thistle tube 
just dip into u short test tube filled with sulfuric acid which rests in the evolution 
flask. 

Sulfur dioxide: Prepare by dropping IS N sulfuric acid on NosSaOj. 

Hydrogen sulfide: Prepare from ferrous sulfide, FeS, and 6iVHjS04 or 6A^HC1. 


VHI. Solid Reac.ents 


Absorbent cotton 
-Miiminuni turniin's 
.\innioiiinni clili.riile, NTLCl 
Anitiioiiiiiin iiitrafi'. NH,N()j 
Antiniony. po\'.il'T 
AslH\stt)s liber, for filter^ 

Hiiriiim enriionnto, H;ii '< »- 
Ifisiiiuih dioMilc, may be used in place of 
sodium bismutliuto 
Horiix, H-f) 

Boric acid. IIjBOs 
Calcium chlinidc (anliKlmus) 

Calcium oxide, CaO 
C.alciura pliosphate, C£u.(Pt>-.). 

Chloride of lime, Caf)! 1. 

Copper wire or turnings 
Ferrous sulfate, FcS(.>. 7 ICO 
Ferrou.' sulfide, Fed 
Glass wool 
Iro!i nails, Fc 
Iron powder 

Load ffincly granulared ), Pl> 

Ixiad <lioxide (free from .\hi), PhOj 
LitmiLS paper, blue 
Litmus paper, red 


Paraffin 

I^ittussium acid sulfate (fused), KHSO4 
Potassium carbonate, KjCOa 
Potassium chlorate, KClOj 
Potassium iliehromate, KjCrjO; 
Potassium ferricyanide, KjFe(CN)4 
Pota.ssium iodide, KI 
Potas.<ium nitrate, KNOj 
Quartz powder 
Salicylic acid 
Silica (precipitated), SiOj 
Silver carbonate, AgjCOj 
Silver sulfate, .•\g2SO4 
Sodium acetate, XaC-HiOj 
Sodium ammonium phosphate (micro- 
cosmic salt), Na.VHiHPO* • 4 H3O 
Sodium bicarbonate, NaHCOs 
Sodium bisrauthate, NaBiOj 
Soditun bitartrate, powdered 
Sodium carbonate, XajCOj 
Sodium nitrate, NaNOj 
Sodium nitrite, highest purity 
Sodium peroxide, XajOj 
Sodium uitroprussiate, 
Na2[Fe(CN)4XO)-2H20 
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Sodium suiade. Na.S ■ 9 H^O uc.d ILCJI«0. 

Sodium tetraborate (see Borax) Tm (pure foU) 

Sulfur, flowers graoulated) 20 mesh 

Starch (CeHioOt)^: 

Reactions of Hu: Elements 

This valuable tabulated summary of the characteristic 
is taken, for the most part, from the exccUent work of Noyes and Bra>, Qiiah(o 

Afuiltjsis for the Rote Elejnents* .. 

It sho4 the behavior of the characteristic cations, arranged accorjhng to the 

Periodic Classification (see p. S7), toward dilute hydrochloric acid, drlute soium 

hydroxide in excess, and the more important oxidizing agents arrd 

■nre table also shows the forms in which the elements are obtarned in the final ideutr- 

'“Atrr^a 'in heavy type indicates that a solid is formed, but if the solid is fairly 

soluble in water the formula is printed both in heavy ty,>e and ,u 1 ■ 

type is not used, however, in the formulas (or tl.e precp.tates obta mod m the final 

tests Colors are given if the solids or solutions are not while or colorless. 

Under the reactions with llCl, the format, or, of a complex ^ 

the element probably is obtained chielly in tins form. \\ 

plexes are given, the form obtau.ed with dilute ac.d c given first, then that obtained 
“r mactions with NaOII, the formulas of precipitates are not given if they 

dissolve in excess alkali hydroxide. .• i:..;.wr it is /i&suined 

As regards the '^'=h‘''“Y'‘‘V(?l'“u^s,,“mhcrwis'e sTaled, and the agent added is 

that the solution is normal in IICl, uulevs ot 7„ c,,ri 11. S tiO. 

present at a low concentration. The reduce.^ chosen are Zn, bnCh, IldS. .0,. 

dilute HI. FeCh, hot 7-9 AMI Br ^ i, the order named. an,i 

The reducing action of these agents g > J 

metallic Sn reacts like Zn unless otherwise ^,.,es.s otlicrwi.-c 

is not reduced by Zn dashes ^ ago’nt. a higher state 

stated, that, when a low valence state d .3.3 HXO, (with no 

wiU also be reduced. As oxidizers, Hilorine caiL^es no 

chloride present) are considered. 

oxidation. ^ describal, the Grcik ktter y will be 

In slating l/m sensitiveness of some of 

used to represent a reiuling them, the following abbrevia- 

To save space and to accustom the s^ude „ftcn used in the text : 

tions adopted by the editors of Chemical Abstracts are one 


AcO" 

addn. 

ale. 

alk. 

anal. 

aq. 

at. wt. 

calc. 

compd. 

cone. 

ooned. 

const. 


acetate ion 

addition 

alcohol 

alkaline 

analysis 

aqua 

atomic weight 

calculate 

compound 

concentration 

concentrated 

constant 


contg. containing 

decompn. dceomposilion 


dil. 

exatnn, 

expt. 

insol. 

1 

mixt. 

ml 

N 

ppt. 


dilute 

examination 

exfieritnent 

grain or grams 

insoluble 

liter 

mixture 

millilitcrfs) 

normal 

precipitate 


pptn. precipitation 

quid. qualitative 

sat. saturate 

satd. saturated 

sepn. separation 

sol. soluble 

soln. solution 

soly. solubility 

Sp soly. product 

temp. tcinperatuio 

vol. volume 

wt. weight 
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GENERAL PRINCIPLES 
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GENERAL PRINCIPLES 
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PART II. REACTIONS OF THE CATIONS 

The separation of the metals into groups (cf. p. 85) is ^ually bi^ed 
on the varying solubUities of the chlorides, sulfides, hydroxides, and 

carbonates. 

GROUP I. HYDROCHLORIC ACID GROUP: 

SILVER, MERCURY, LEAD 

the rare - sometimes precipitate ivith this group, 

antimony, BiOCl and ^ 

but these precipitates dissolve (*a, > . tungsten is precipitated 

Uttle trouble. Under some ^ this will 

from an alkaline solution as hydrated W Oa upon adoing 

be discussed in Part V. 

SavER, Ag. At Wt 107.88, At. No. 47 

Density 10.49, M. P.960.5". B. P. about 1944" 

O™. - Silver occure both native and combined (chiefly enth sultur, araen.e, 

argentite, Ag,S; pyrargynte. Ag»Sbb„ I 

found with tetrahedrite and with . Vndo-Saxon word seo//or and its symbol 

Properltes. - Silver owes than gold and softer tlian 

to the Latin word argentum. It is metal, shows a violet tint. At the 

copper. Its vapor, or a v-y volume of oxygen, and on cooling, 

melting point it absorbs more than ^ .. spitting.” In malleabiUty 

the oxygen is Uberated and ^ ^ conductor of heat and electricity it is 

and ductUity it is inferior only to goia, u amounts to more than 

superior to all other metals. Tlw annua ^v^jrld’s supply coming from Me^^ico. 

260 mUUon Troy ounces, about 40 per cen 

The metal was known in very ancien ^ insoluble in dilute hylruchloric 

The vrover "‘aXy in boiling sulfuric acid, with evobitioD of 

and sulfuric acids, but dissolves rcauiiy 

sulfur dioxide; 4. o HiSO* -» 2 HjO + SO 2 1 + AgiSOi 
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The solubility of silver in concentrated sulfuric acid is utilized in separating silver 
from gold and platinum in alloys. 

Silver forms three oxides: silver suboxide, Ag^O; silver oxide, Ag:0; silvei* 
peroxide, AgsOi. Of these oxides, AgsO alone is a basic anhydride; only one series 
of salts is known. 

Silver peroxide is formed at the anode during the electrolysis of a concentrated, aqueous solution of 
ellver nitrate. The grayish black crystalline powder has the composition: AgtOi = AgjO * AgrO^ 
It can be regarded as the silver salt of the hypothetical argentic acid, HAgOi, and written AglAgO:]. 

Silver o.xide, AgsO, is a brownish black powder, which on being heated to 300“ is 
completely decomposed into metal and oxygen. 

Most sUver salts are colorless; the following, however, are colored: the bromide 
(pale yellow), the iodide (yellow), the sulfide (black), the phosphate (yellow), the 
arsenite (yellow), the arsenate (brown), the ferricyanide (orange), and the chromate 
(reddish brown). Most of the salts are insoluble in water, and are blackened on 
exposure to light. SUver tarnishes quickly in air containing hydrogen sulfide, 
and sUver tableware blackens from contact with e^s, which contain sulfur. The 
readiness with which silver siUfide is formed is utilized in the hepar test for sulfur. 
The nitrate, chlorate, pcrclUorate, fluoride, nitrite, sulfate, and acetate are soluble 
in hot water. 


Reactions in the Wet Way 

1. Hydrochloric Acid or Soluble Chlorides precipitate white, curdy 
silver chloride from neutral and acid solutions: 

Ap:+ + C'I“ AgCl 

•Silver chloride Is appreciably soluble in pure water (cf. p. 19), particularly on 
boiling, but it is quite insoluble if an excess of silver nitrate or a slight excess of hydro- 
rliloric acid is present (cf. p. -19). 

Silver chloride dis.<o)vcs to a considerable extent in a large excess of hydrochloric 
acid or of alkali clilorid<‘, owing to the formation of complex anions, (AgClj ], but 
it i.s much less .-soluble in dilute nitric acid. 

It is very soluble in ainmoiiiu: 

AgCI d- 2 NIL [Ag(NIL)d+ 4- Cl" 
but is reprecipitaloii on addition of nitric acid to this solution: 

!Ag(N‘IU)d'^ + 2 H+ + Cr 2 Nlli* + AgCl 

•Silver chloride is also readily soluble in potassium cyanide solution: 

AgCl + 2 CN" [Ag(CN)d" + Gl- 
and if such a solution is acidified, silver cyanide will be precipitated: 

[Ag{CN)d‘ + HCN + AgCN 

In the absence of acid, silver chloride is ako rcadUy soluble in a solution of sodium 
thio.sulfate: 

2 AgCl + 3 S,Or" - lAg,(S:03)d— + 2 Cl" 

On boding this solution, silver sulfide Ls precipitated slowly if considerable NajS-O, 
is present, but more quickly upon diluting. 

It is evident that the solubility in all the above reactions is due to the formation of 
complex ions containing silver (cf. p. 27). 
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saver chloride is slowly attacked by boiUng, couceotrated sulfuric acid, with 
evolution of hydrocldoric acid and the formation of crystalUne sUver sulfate, insoluble 

in sulfuric acid. , , , . , . 

By boiling with caustic soda or caustic potash solution, silver chloride is only 

partially decomposed; in the cold it is unallectcd. Sodium carbonate solution docs 

L affect it; but by fusing with sodium carbonate it is completely decomposed; 

4 AgCl + 2 Na,CO, - 4 NaCl + 2 COi i + O. i + 4 Ag 

By fusing silver chloride a yellow liquid is obtain^, which on cooling solidi^i* 
to a vitreous mass; it may be removed from the crucible by treatment with amc and 

dilute sulfuric acid (see p. 104). 

2. Alkali Hydroxides precipitate browTi silver oxide, 

2 + 2 OH' — HdO + AgiO 

insoluble in an excess of the precipitant, but readily soluble in nitm 
acid and in ammonia. If the solution in ammonia is allowed to stand, 

black fulminating silver (chiefly AgNa) is deposited. 

3 Ammonia — If a neutral solution of a silver salt is cautiously 

treated with ammonia, the first drops produee a white 
AgOH, which changes quickly to the brown ov.de, AgeO. The g cater 
part of the silver, however, remains in solution as complex sJverdiam- 
mine salt; even the oxide is dissolved l.y an excess of ammoma. 

AgiO + 4 NHr + HiO -> 2 lAg(NHa)=)+ + 2 OH 

4. Ammonium Carbonate produces tl.e same precipitate, hut it is 

soluble in an excess of this reagent; Ag(NH3)ii+ ions are ; 

5. Ammonium Thioacetate also precipitates silver sulfide f.oni and 

solutions : 

2 + C 2 H 3 OS' + HaO -> Ag-,S + HCjHaOa + H+ 

6. p-Dimethylaminobenzilidenerhodanine, 

HN-CO 

' ' =CH<(]3>N(CH.). 


\ / 
s 


Mercury, gold, 


(cf. p. 121), forms a red-violet salt with silver ions. 

platinum, palladium, and cuprous salts interfere. 

, . . 4 mnUifn a niece of filter paper with a saturated 

In the absence of these elements, m P ^ solution 

m rfTo2 “prL„. a 

which IB easily distinguishable from the ye ^ 

If mercury and copper are the mercury compound to form uu- 

chloric acid or ammonium cblonde> tnia 
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dissociated HgClj but does not affect the silver test os the organic salt is less soluble 
than AgCl. 

If gold, platinum, and palladium are present, mix, on the spot plate, 1 drop of the 
solution to be tested, 1 drop of 10 per cent potassium cyanide solution, and 1 drop 
of the reagent dissolved in acetone. Stir and make acid with dilute nitric acid; 

2.5 7 of silver are present a pink coloration is obtained. 



op/NH-NHCaHs 

Dithizone, , 


^ves a violet precipitate. 


Place a drop of the neutral or slightly alkaline solution to be tested in a 3-ml 
test tube, add 1 drop of a solution obtained by dissolving 1-2 rag of dithizone in 100 ml 
of carbon tetrachloride, and shake; if 0.3 7 of silver is present a fine, violet precipitate 
will form and be distributed through the carbon tetrachloride. The test fails in the 
presence of noble metals and mercury, which also give precipitates; it succeeds in 
the presence of lead, zinc, and antimony if the test is carried out in an alkaline solution 
containiug tartrate. 


S. Ferrous Sulfate precipitates gray metallic silver from boiling 
solutions: 

Ag+ + Fe++ — > Fe+++ -f Ag 

Frofiuontly a basic ferric salt is precipitated at the same time, par- 
ticulaily from very clilut(? solutions. 

Fcitous .sulfate added to an amnionlaoal tartrate solution of a silver 
salt also causes tlu* formation of a gray precipitate which may be silver 
sulioxiiic, or a mixture of finely divided silver with some organic 

suli.‘‘taiu-e. 

U. Formic acid, IICHO3, reduces silver solutions slowly: 

2 Ag+ + HCU02 -> 2 Ag -f- 2 H+ + CO, j 

10. Hydrogen Sulfide precipitates from neutral, ammoniacal, and 
acid solutionis black silver sulfide*: 

2 Ag+ + ii,s -> 2 + Ag,S 

insoluble in ammonia, alkali .sulfides, and dilute potassium cyanide 
soluticai. Silver .sulfide U so insoluble (cf. p. 22) that enough Ag+ 
i-ms are present in aiiueous solutions containing [Ag(NH 3 ):]+ or even 
[Ag(CX);l to exceed the solubility jiroduct of Ag^S when in contact 
with slightly ionized hydrogiai sulfide. Silver sulfide is, however, 
pcrcejifibly soluble in a couceiitrated .solution of potassium cyanide, 
and easily solultle in hot dilute nitric acid: * 

3 Ag.S + 2 NOa" + S 11+ — 6 Ag+ + 2 NO t +4 H.Q 4-33 

11. Potassium Chromate precijiitate.s brownish red silver chro- 
mate soluble in ammonia and in nitric acid: 

2 Ag+ -j- CrOi““ — > AgiCrOj 
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12, Potassium Dichromate precipitates i^dish brouoi silver di- 
chromate soluble in ammonia and in nitric acid. 

2 Ag+ + Cr207 — *■ Ag2Cr:07 

This test is sensitive and when carried out as a spot test wiU show 
2 7 of silver. 

Piece e little of the solution to be tested on a watch glass, ,7'““ 

of ammonium carbonate solution, and filter off auj precipi nMascium cliromate 
1 drop of the clear filtrate on filter paper add 1 drop of 1 per cent potassium chromate 

fiolution which is normal in acetic acid. 

13, Potassium Iodide precipitates yellow, cm-dy 

tically insoluble in ammonia, but easily soluble in potassium cj 

and sodium thiosulfate solutions. 

The [Ag(NH,)d" cation furnish^ I'ch more Itawl iample^es 

With water, but the lAgCCN)^) and [AgdSjO ),1 
and furniBh less Ag+ cations than silver iodide doe-t. 

14, Sodium carbonate 

becomes yellow on being boiled, it i& I > 
with loss of carbon dioxide : 

2 Ag+ + COs" AgiCOa 

Ag-'COa Ag-:0 + CO 2 t 

15, Sodium Phosphate throws down in neutral silver solutions a 

yellow precipitate of silver phospliatc: 

ZA^ + 2 HPO." - n.por + Ag,PO, 

Silver phosphate is easily ;:,:;s:crd^ile ^ 

of the phosphate in ammonia is due to tl.c forma 0,0 p _ _ 

AeJ>0. + CNH.-.3|Ak(NI1.).P + PO. 

. 1 vvifh nitric acid, or the nitric acid solution 

By neutralizing the ammoiiiacul solu lo . 

With ammonia, the sUver phospliute is rcprccipitatcd. 

A r.;,Mintps white silver thiosulfate soluble 

in an excess of the reagent, out n 
is precipitated-, ^ ^ AgrSaOr 

AgeSrOa + 2 SrOr- - (AgriSAlJ" _ 

tAg,(S,0,)3l— + 2 H-f - AgrS + 2 S + HrO + s . - 2 

The presence of a little acid favors the precipitation of the sulfide ,n 
accordance with the last reaction. 
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17. Stannous Chloride precipitates silver from ammoniacal solu- 
tions: 

Sn++ + 2 Ag(NH 3 ) 2 + Sn++-H- + 2 Ag + 2 NH 3 

Mix a little of the solution to be tested with an excess of ammonia and filter off 
any precipitate that forms. Place 1 drop of the clear filtrate on filter paper and add 
1 drop of dilute stannous chloride solution. A black spot form if 0.1 7 of silver 

is present. The treatment \Nith ammonia removes bismuth and mercury, which 
would interfere. ’ 


18. Zinc, which is higher in the potential series than silver, precipitates 
it from neutral solutions. Similarly, if insoluble silver chloride is covered 
with dilute sulfuric acid and a piece of zinc placed in contact with the 
chloride, the chloride will be reduced to metal; 

2 AgCl + Zn ^ Zn-H- + 2 CP -f 2 Ag 


Reactions m the Dry Way 

Fused with soda on ciiarcoal, all silver compounds yield a white, 

malleable, metallic Initton without incrustation {difference from lead 

and tin), readily soluble in nitric acid (difference from tin). The 

solution does not giv(* a precipitate with very dilute sulfuric acid, but 

a preeipitati* forms immediately with hydrochloric acid (difference 
from lead). 


Mercury. Hg. At. Wt 200.6, At. No. 80 

D.Ti-itv J.,.,, M. P. -3S.9®. n. P. 307“ 

Ocr«rr.;«e.. - Merrurv .u-rurs iu miture rluefly in the form of rhombohedral 
ciimabai. IIk>, from tin- ot.-, froi- mercury i.s obtained by distilbtion. Cinnabar is 
pu.bably (lepositod in nat.jn' iromMilufionsof its thios.alt. The riche.st deposits nre 
tW of New Alniml.m m ( ahrornia, where if omn-s with serpentine. AlLden in 
. pain. Idna in ( arniola, and Mosnl».|la„dsl)crg in the Palatinate of (he Rhine. With 
cinnabar small quantities of native merrury are often found. Mercuiy is also an 
important conilituent of many \arie(ies of tetrahedrite. 

/Vo^rnV.,. _ M.-reury is ihe unly rnetal (hat is liquid .at ordinan- temperatures. 
thouRh the rare e ement galiinm melts at 20.S'*. It is named after the planet Mercu^ 
a id the symbol, Hg, is derived fion, the Latin hu'hargunim = wafer silver. Mercury 
has been kno^n for a lom: time -md the .Vlmaden mine in f^pain, which furnishes 

IT The world s demand for mercury amounts to al.ouf 5700 tons n year 
lercu^ has a bnp:hl, ..^.Ivery luster and is commonly called quiclHlrcr. 
precipitated from solutiniis m a finely divided state ami when slightlv impure it 
forms a dark gray powder ^dek mereuryb It is not oxidized bv air or oxTgen'a 
ordinary temperatures bnf oxidize.s slowly at its boiling point, ‘it dissolves rany 
metals forming amalgam^ which are of industrial importance. Amalgams are often 
formed b> electrolysis ot solutions with a mercury cathode. Mercurv is insoluble 
m hydrochloric and dilute sulfuric acids, Init it is soluble in hot concentrated sulfuric 


MERCURY 


105 


acid with evolution of sulfur dioxide, formiiig mercurous or mercuric sulfate according 
to whether the metal or the acid is present in excess: 

Hg + 2 H2SO* ^ HgSO. + 2 H^O + SO2 t 
2 Hg + 2 H2SO4 HgjSO* + 2 HjO + SOi T 

Hydrobromic acid hardly attacks the metal at aU, but hydriodic acid dissolves it 
readily with evolution of hydrogen; 

Hg + 4 HI - HilHgHl + Hs T 

The position of mercury in the electromotive series (p. 43) shoe's that it cannot 
be oxidized by except when the concentration of Hg^+ is extremely low. This 
explains why mercury docs not dissolve in dilute hydrochloric or sulfuric acid. It 
seems remarkable, therefore, that mercury should be oxidized by hydriodic acid. 
The reason the hydrogen of hvdriodie acid can accomplish the oxidation of the 
mercury is that the compound HdUgl*) is scarcely dissociated at aU into ions 
(cf. p. 29). 

The proper Holi eni /or mercury is nitric acid. 

If the metal is treated with hot, concentrated nitric acid, mercuric nitrate is 

formed: ^ , 

Hg + 4 IINOi-^ IlgfNO,)* + 2 HiO + 2 NO, T 

If. however, cold nitric acid is allowed to act upon an excess of mercury in the cold, 
mercurous nitrate is obtained: 

Hg(N002 + ng2(X03)2: 

Mercury is attacked by chlorine, forming calomel (mercurous chloride): 

2 Hg + CI2 - Hg:Cb 

Three oxides of mercury are known: black mercuroas oxide, HgjO; yellow or red 
mercuric oxide, HgO; and reddish l»rown mercury poruxido. HgO^. Mercurous 
oxide is formed bv adding alkali hydroxide to the aqueous solution of a mercurous 
salt. It is not very stable and docomiHiscs into mercury and IlgO or into mercury 
and oxygen according to the condilion.s. Mercuric oxide is made on a large scale 
by heating mercurous nitrate until no more fumes of NO^ arc evolved. \\ hen 
made in this way, it is a bright red product. Yellow mercuric oxi.lc. which is prob- 
ably in a finer stale of division, can be made by adding alkali hydroxide to a solution 
of a mercuric salt. On heating mercuric oxide it l>ecomes vermilion in color, then 
black, and finally decomposes into mercury and oxygen. The undecomposed oxide 
regains its original color on cooling. Mercuric peroxide, HgO,, has been prepared 
by adding concentrated hydrogen peroxide solution (perhydrol) to mercuric nitrate 
at 0®. It is fairly stable in air but decomposes slowly when in contact with water. 

There is doubt a-s to whether mercury forms any hydroxides. 

The oxides HgO and Hg:0 are basic anhydride.s, from which two series of salts 
are derived: (a) the mercuric salts, wliicli contain Hg*-*, and (6) the mercurous 
salts, which contain the group Hg^-^^. The rcaclion.s of mercurous compounds will 
be described here; the reactions of mercuric salts wdl be described under Group II. 


Mercurous Salts 

All mercurous salts contain the bivalent mercurous group llg,^-^ and are changed 
more or less readily into mercuric salts by splitting off one atom of mercury from the 
molecule. Mercurous salts containing oxygen are readily hydrolyzed, in dilute 
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aqueous solutions^ thus the nitrate is decomposed according to the equation 

Hg2(NOj)2 + HOH -> HNOs + Hg2COH)N03 

Mercurous chloride (calomel) is insoluble in water and hydrochloric acid, but 
soluble in nitric acid and aqua regia. 


Reactions in the W'et IFay 

1. Hydrochloric Acid and Soluble Chlorides precipitate white mer- 
curous chloride (calomel): 

HgjCNOa)^ + 2 Cr 2 NOa' + HgoCI^ 

Contact witli ammonia water causes the precipitate to turn black, 
owinK to the formation of white mereuri<‘ amino-eldoride (sometimes 
called iiifimbic pnripibtU) and black, linely divided mercury; 

Hg,Cb + 2 NHa XH 4 + + Cr + Hg(NH.,)CI -f Hg 

By boiling the black precii)ifate with dilute HCI or concentrated NH 4 CI, 
HgtXlLiCl is cli.v'^oivcd anfl drops of niercury are left. Hg^CIi is insoluble in water 
nru! dilute acids soluble in strong nitric acid aiul aqua regia. On boiling for a long 
tune null wafer, cal-.tncl l)e.-oni(-^ gray, owing to a partial decomposition into mer- 
curic cl.londc and mercury. On boiling with concentrated sulfuric acid, mercuric 
sulfate is formed with evolution of sulfur diu.xide and hydrogen chloride; 

■u) Hg.Cl; ^ H:SO,-2 ilCI t + ng:SO. 

(h) Ilg.-^tt, f 2 [l.SO,^2 11:0 + SO: r + 2 HgSO^ 

2 . Alkali Carbonates pi^-e, fir.'^t, a yellow precipitation of the car- 
bonate, which ipii. kly hoeomes pray, owing to the formation of mer- 
curic oxide and metallic mercury with evolution of carlion dio.ride: 

np.txo,;. + yarn, _ 2 XaXO^ + Hg.>co3 

t\U(\ 

Hg_CO, HgO + Hg + CO: T 

3. Alkali Hydroxides pneipitate black mercurous oxide: 

ilL-tXO,).. ^ 2 1 HI- - 2 XOr + H:0 + Hg...O 

4. Ammonia or (XH,/,rOi solution produces a black precipitate of 
inc'KMiric aininu j^alt mixed with inotallic mercury: 

2 iircxo.-,), + .1 XI I3 + ir o -.3 xh ,xo, ^ o ( ge ) nh.no,, + 2Hg 

It inn easily hr shmvn that this preeipitate coiitain.s met.allic mer- 
emy hy niMana a pin e ,.f pi„e y„M over it : silvi-r-liistrous goH amal- 
puii will he forinni. See §1 lor ,, a. lioii of Ifu.CI.. and XH,. 

o. Ammonium Thioacetate and Sodium Thiosulfate iiroducc siil- 
hde prceip, tales when added to arid solutions of mereurous salts, the 


MERCURY 


107 


precipitates consisting of black mercuric sulfide and finely divided 
mercury together with sulfur. 

6. Polished Copper touched with a drop of nearlj’ neutral mer- 
curous solution causes the deposition of metallic mercury. If, after 
a short time, the solution is washed off and the copper is iiibbed gently 
with a woolen cloth or piece of paper, a silver-white, lustrous spot is 

obtained. ^ , , , . ^ 

7. Hydrogen Sulfide immediately throws down a black precipitate 

of mercuric sulfide and mercury (difference from mercuric salts); 

Hg2++ + H2S HgS + Hg + 2 H+ 

The black precipitate does not dissolve completely in potassium sul- 
fide, the mercury remaining insoluble, but in alkali polysulfides the 

entire precipitate dissolves. 

From such a solution, ammonium chloride throws down black mer- 
curic sulfide. , , 

8. Neutral Potassium Chromate precipitates red mercurous chro- 
mate on boiling (cf. p. 204) ; 

Hg2(N03)2 + K2Cr04 2 KNO3 + Hg,Cr04 

9. Potassium Cyanide precipitates metallic mercury, mercuric 
cyanide being formed at the same time. 

Hg2(N03)2 + 2 KCN 2 KNO3 + Hg(CN)2 + Hg 

10. Potassium Iodide precipitates green mercurous iodide, 

Hg2(N03)2 -b 2 KI -> 2 KNO3 + Hg,Io 

partly soluble in an excess of the precipitant, with the formation of 
potassium mercuric iodide and the separation of mercury: 

Hg.Is -b 2r [IlKlif + Hg 

11 Stannous Chloride added in very small quantities precipitates 
white mercurous chloride. l>ut if more than an e.iuivalont weiglit o 
stannous ioas is added, a K-ay mixture of mereurous eiilonde and 
6nely divided mercury is olilained, and eventually all the mercurous 

chloride can be changed to free mercury: 

HgsfNOs)^ + Sn++ Sn+++^ -b 2 N03" + 2 Hg 

Keactions in the Dry Way 

Nearly all mercury compounds .sublime on being heatwl m the 
closed tube. Mercuric chloride first melts, then vai>or.zes, forming a 
crystalline deposit on the cold sides of the tube. Mercurous chlonde 
sublimes; the sublimate is almost white, but there is a slight grayish 
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tint OK’ing to the decomposition of a small part of the substance into 
mercuric chloride and mercury. Mercuric iodide yields a yellow sub- 
limate, which becomes red on being rubbed with a glass rod. The sulfide 
gives a black sublimate. Mercury compounds containing oxygen (all 
more or less unstable) yield mercury. 

All compounds of mercury, when mixed with sodium carbonate 
and heated in a closed tube, yield a gray mirror, consisting of small 
globules of mercury. In order to make the drops more apparent, 
place a piece of filter paper over a glass rod, and rub the mirror with 
it. The small drops then run together into large ones, stick to the 
paper, and can be removed from the glass. 


SPECIAL PROCEDURES FOR MERCURY 
Deu-ction of Mercury in L’rine* 

Treat 5M to 1000 ml of urine in a In-akcr wifli 0.5 per cent hydrochloric or sulfuric 
acul. add 0.5 r of bras.s wool (.such jis is used for tlie ornamentation of Christmas 
tree.s) and, wlnle heating on the watcr-hafli to r>0’-S0^ pass air through the liquid 

for ten to fifteen muune.s. to keep it in constant motion. Any mercuiy present is 
replaeoU by copper: HgC), -p Cu -» CuClj + Hg. 

1 he mLMTury, as bust ns it i.s set free, amalgamates with the excess of copper present. 
1 our uT the liquid from the liny tliread.s of l,ras.-= and wiush thoroughly by decantation 
uMli distilled water, tlien with alcohol, and finally with ctl.er. Prc.ss the brtuss 

Leads iK.tweou layers of filler paper, to free them from any adhering ether, and roll 
t lo.n bmveni the lingers into a small {.diet. Introduce thi.s pellet into a thoroughly 
e i;an.-ed and perfectly dry glass tube. 10 nn long. 0.5 cm wide, and closed at one end. 

til the aid of the bhust llame. diaw out a eupiliary of about 1 mm width in the 
tube about U.O cm away fiom il.e brass, toward the open end of the tube. .Vfter 
cooling the tube, heat the l.ottom of i,. which tlie sample rests, to dark redness. 

1 11 . causes the mernuy to .|b,d oiT. and it i.s eonden..ed in the colder portion of the 
t.il'u m a gray nuiror eoiM.simg of ,,ny drop... If any considerable amount of 
Mi.uemy . mo,e than 1 mg. tho ,i.op.s of mercury can be distinctly Jn 

■ 1 .1 In V It )e.vs than 1 mg of merruiy b present in the urine, it is yery diflicult to 

..iguish tl.c tmrn,;. In t\n< ca-c. to make it perceptible, transform the mercurv 
.1 ^cmlct-red .mercuric iodide. To accomplish thb. place a small cry.stal or two of 
odo- c m a CM tuhe and cut olT the tube containing the mercury mirror jiLst aW 
the place where the hall of bia.ss rests and place the ,,nrt of .lie tube eonfiini,*^ the 
mercury in the test mbc. C'auliuu.<v l.eat tlie bottom of the test tube oyer a gas 
l ame. As soon as the violet vapors of iodine reach the place wi.em the mercury was 

er t ;:7, ^ 

• r. Fiibringer, Z. ana!. Chnn., 27, .'.20 (ISSS). 

t l or otlur methods of dri.-cting mcn-iiry in urine, see JolV« 7 rh 
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Detection of Mercury Vapors in the Air 

Place a piece of pure gold leaf in a small glass tube and draw the air to be tested 
through the tube for an hour, at a rate not greater than one liter per minute. Mean- 
while evacuate a Ueissler tube, of the form shown in Fig. 11, by means of a water 
pump (not a mercury pump!) and finally close both stopcocks. Place the gold leaf, 
which now contains as amalgam any mercury that was present in the air tested, in 
the tube n and suddenly open the cock a, wliich has a wide 
bore; this causes the gold to be sucked into the tube, stop- 
ping at c, the mouth of the capillary opening. The next 
step is to replace the air in the tube by hydrogen. Intro- 
duce hydrogen gas, obtained from a Kipp generator and 
dried by concentrated sulfuric acid, at a and allow the gas 
to pass out at b. After a rapid stream of the gas has passed 
through the tube for three minutes, close the cocks a and b, 
without disconnecting the Kipp generator, cotmect b with 
the suction pump,* and evacuate the apparatus for a 
minute or two; then close b and open a (which causes more 
hydrogen to enter the apparatus); close a again, open 6, 
and once more evacuate tiie apparatus. Repeat this alter- 
nate introduction of hydrogen gas and evacuation five or six 
times. In this way the air is entirely replaced by hydrogen. 

Finally evacuate the tube for five or ten minutes and close 
the cock b. Place the capillary in front of the slit of a 
spectroscope and allow tlic secondarj' current of an induc- 
tion apparatus to pa.ss through the tul>e. In the presence 
of the merest trace of mercury, the characteristic green line 
546 mu is distinctly visible in the cold, and with somewhat 
larger amounts of mercury the indigo-blue line at 456 wm 
can be seen. If the wad of gold leaf is ciiutiou.sly warmed 
with the Bunsen flame, the mercury spectrum appears still 
more sharply. 

Remark. This test is so extremely sen.^itive that u blank 
te.st performed in place.s where work with mercury has been 
performed will often show the prc.'^ence of this clement in 
the atmosphere. 

If the apparatus has been once used for the detection of 
mercury it must be thoroughly cleansed before it is used 
again for this purpose. To this end, remove the gold and allow aqua regia to 
remain in the tube for several minutes. Draw out the acid and rinse the tube 
three times with distilled water and once with absolute alcohoi;t finally dry by 
passing dry hydrogen through the tube for five minutes, while warming it at the 
same time. Ignite the gold gently to distil off any mercury it may contain. If now 
on introducing the gold and evacuating the apparatus, the mercury spectrum is no 
longer visible, the tube is ready for a new experiment. 

* Between the water suction-pump and the Geissler tube, a calcium chloride drying 

tube should be introduced. , 

t All these operations must be carried out in a space where there are positively 

no mercury vapors present in the atmosphere. 
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It may be mentioned that the two platinum wires in the Geissler tube must not 
be provided with aluminum points, because aluminum amalgamates with mercury, 
and w'hen the points are once amalgamated it is impossible to free the tube sufficiently 
from mercury to permit its use for subsequent experiments. 


Lead, Pb. At Wt 207,21, At. No. 82 

Density 11.38-11.48. M. P. 327.4°. B. P. Ibis'" 

Oc«?urrencc. — Galena, PbS, isometric; cenissite, PbCOj, orthorhombic and 
isomorphous with aragonite, CaCOa; anglesitc, PbSOa, orthorhombic, isomorphous 
with anhydrite, CaSOa, celestite, SrSO,, and barite, BaSOa; pyromorphite, 
PhsCPOaljCl, hexagonal; mimetite, Pbs(As 04 )aCI; vanadinite, Pb 4 (V 04 ),Cl. The 
last three minerals are isomorphous and belong to the apatite group. Other minerals 
which may be mentioned are wulfenitc, PbMo 04 , tetragonal, isomorphous with 
stolzite, Pb\V 04 , and the monoclinic crocoitc, PbCrO,. 

Propcrlicft. — Lead, which owes its English name to the Aiiglo-Saxon lead and its 
symbol to the Latin word plumbum, is a soft, malleable, slightly ductile, bluish gray 
metal which tarnishc.s in tlie air to form a protective film <tf oxide. Very small 
quantities of other metals harden it. It is a poor conductor of electricity and heat. 
Lead boils before the oxyhydrogen blo%%'pipe but cannot be distilled like zinc or 
cadniiinn by heating in a closed ve-ssel. In the absence of air, lead is not appreciably 
Volatile below a white lieat. D'ad forms many u.'^eful alloys such as Babbitt metal, 
ty|)n metal, solder, pewter, shot metal, and fusible metals. About 1,300.000 tons of 
lead are pmdueed annuallv. 

Lead is attacked by all neids. .-Vs, however, most lead salts are difficultly soluble in 
water, tlie jtiefal uMiallj- iiceonies cotited with a layer of salt, which protects it from 
fuither uctiiiti oi the acid. Thus lead is iiuntcdititcly attacked by dilute sulfuric 
aetd uucordiiig to the equatiiin 

Pb -f H:.S04~»PbSO, -P II, I 

Rut, sinre k ad '•nlf.ife i< in.'^oluljle in dilufe sulfuric acid, the reaction quickly ceases. 

I poll this pniinple i. -i- the u*:c of “ lea-l chainl)ers ” iji the manufacture of sulfuric 
acid, and tlii- u-i- of “ lead pans " for the Concent rat ii>n of the dilute " chamber acid.” 
It has been foiuid from c\peiieneo. however, that the .sulfuric acid should not be 
eoneeolraie.l too much m lead pans — stopping when a per cent acid is ob- 

faineil. I he pioteriii.g layer of lead sulfate is soluble in hot eoncentnrted sulfuric 
and. forming soluble lead i.isulfate. PbS()« + ll,S(b I'btH^U,),, so that the hot 
coiicuiilratccl twiil cui uct on flic c\^)o^od surfiii’C vf lead I 

Pb IIiSOi ->2 11:0 + + SOj t 

Lend belinvcs quite similarly on treatment with hvdtuehloric arid. On the surface 

a protecting coating of lead chloride is obt.nined, which i.-= s..lublc in hot concentrated 

hydrochlone acid, forming UiPbCl,}. Lead is soluble, therefore, in eoncentrated 
hydrochloric arid: 

Pb J-3irri~.H[PbCh] + iL T 

ITydmfluonr acid attacks h ad Mmih.rly, forming a protecting layer of lead fluoride, 
which i.s iiLsoluble m hydrofluoric acid. Conse(,uentlv lca<l retorts can be u^^cd for the 
distillation of hydrofluoric aci.l and in the preparation of hydrofluoric acid by means 
of fluorite and sulfuric acid. 
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mute nilric acid is the proper solvent for lead. Lead nitrate is insoluble in strong 
nitric acid, so that lead does not dissolve in concentrat^ nitric acid; the solution 
must be sufficiently dUute to prevent the deposition of the lead nitrate formed. 

axoxid^oflead have been described: Fb.O. FbO. Pb.0,.3 ILO. Pb:Oi. PbiO. 
and PbO. Lead suboxide. PbA is the black powder obtained by heating lead 

PbO is Imd protoxide. Lead sesquioxide. or dileadlnoxide. Pb,0, is obtained as a 
Xv XX by oxidizing an alkaline monoxide with 

alkaU hypochlorite, halogen, hydrogen peroxide, or alkali pei^ulfate. 

2 PbOr" + 11:0 + '*■ " 

w it is a b„,„, ^ 

powder formed by lo„g Irralmg ut blbargc ^ ‘[Xomporos'w.fh Ubem- 

„„tact with tbe oxyge, o - A > 

‘'rthts:m.d rtoXhav^ol-omw.^ as salts, for, o„ treatmg w.thuitricac.d 
brX plumbic acid and lead nitrate are formed, which corresponds to the action 

nitric acid, on say, lead carbonate: 

PbPbOj + 2 11+ - Pb+* + H.PbOa 

Pb.PbO* + 4 11+ — 2 Pb++ + ILO + H.PbO, 

Those salt-liko oxides are perfectly analogoas to those 
With hydrochloric acid they yield cldorine. the plumbic acid, at hn,t set fret, bthating 

like a peroxide: ^ na->2 ILO + PbCL + CM 

Pb.Oj + G HCl 3 H,0 + 2 PbCb + C1-, t 
PbjO. + 8 HCl -» 4 IIiO + 3 PbCb + Cb t 

Lead dioxide is a dark brown powder which can be regarded as the anhydride of 
onhopltmibic acid. UiPbO*. or of metapluinbic acid. ILi bU, 


/OH 

Pb / 
*^\0H 


\ 


OH 


/ 

Pb=0 

\ 


OH 


OH 


OrtUopluH.bic ftcid Mclaplumbic acid 

• . a n tintt CTt, and .MnOj arc anhydrides of silicic, stannic, carbonic, and 

JUS 08 1 I, ^ ' .j Q j by a stronger oxidation than IS u.srd 

rStAtalkan,;: »Mion w.fh hy,K.eh,or,.e„, chlorine, b.onano, hydrogen 

peroxide, or potassium persulfate: 

Pb(OH)i + 2 OH" + Clj -* HiO + 2 Cl + HjPbOj 

The brown rnelaplu.nbic acid which separates 'Xw-^'l-W 

an2 ftorit a^ irmnon lead salts are derived. There are, to 1« sure, u nu.nlwr of 
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subsflits, such as PbCl, which have been prepared and in which lead is univalent. 
There are also some salts such as lead tetra-acetate, Pb(C 2 H 30 i) 4 , in which lead is 
present as a quadrivalent cation, but these salts are unimportant and rarely en- 
countered. Lead monoxide (litharge) melts at 980° and solidifies on slow cooling in 
tetragonal needles. It is somewhat amphoteric and forms plumbites as well as the 
common bivalent lead salts. 

Besides the lead salts of plumbic acid, alkali and alkaline earth plumbates are 
known. 


Reactions in the Wet Way 

Most lead salts are difficultly soluble or insoluble in water; but all 
di.ssolve in dilute nitric acid, except, perhaps, fused lead chromate, 
which is very difficultly soluble. 

1. Hydrochloric Acid or Soluble Chlorides precipitate from moder- 
ately concentrated solutions, white flocculent lead chloride: 

Pb++ + 2 Cr PbCl. 


difficultly .soluble in cold water (135 parts of water dissolve 1 part 
(d PbClo), but mucli more soluble in hot water; on cooling the solution, 
lead elilorido .separates in the form of glistening needles or plates. 
L<-a(l <’liloride is much more soluble in concentrated hydrochloric acid 
and in a concentrated .‘solution of a chloride of an alkali than it is in 
water, sinr(‘ it forms complex comjwunds witli these substances such as 
H[J‘b(’b), K(Pb('l,il, which are, however, dccompo.sed on dilution with 
water, with .separation of lead chloride. 

2. Alkali Hydroxides precijiitate white lead hydroxide: 

Ph^^ + 2 OH' -> Pb(OH)2 

.soluble in an excess of the precipitant, forming a plumbite: 

PbtOH). -b Oir II 2 O + UPbO." 

Pb(OII )2 i.s alx) .'^liglitly soluble in water which is free from carbonic 
acid. The acpieous solution of lead hydroxide is slightly alkaline. 
'Pile addition of hydrogen peroxide, hypctchlorite, or persulfate causes 
pt('eii)itati(jn of dark brown lead peroxide, PbOo. 

3. Alkali Carbonates precipitate white ba.sic lead carbonate. Alkali 
bicarbofiatcs precipitate the normal carbonate. 

4. Alkali Chromates produce a yellow precipitate of lead chromate: 

Pb^+ + Cr0r'->PbCr04 

and 


2 Pb++ + Cr.O:" + 2 CJI^Or -f H^O -> 2 HC.HcO^ + 2 PbCrO^ 

Lead chromate is insoluble in acetic acid, but soluble in nitric acid 
and in caustic alkali. 
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5. Ammonia precipitates the white hydroxide, insoluble in excess 
of the reagent. 

6. Ammonium Thioacetate added to a hydrochloric acid solution of a lead salt 
produces at first a red precipitate of sulfocliloride and finally a black precipitate of 
lead sulfide. 

7. Benzidine and also Arnold’s Base are oxidized to blue meriquinoidal products 
by lead dioxide, and either reaction can be used as a sensitive test for lead. 


Benzidine is Ci 2H8(NH2)2 or H2N 


Arnold’s base is tetramethyl-diamino-diphcnylniethanc, 


NH,. 


(CH3)j N 


- CII 2 - 


N(CH,) 


Procedure. — Moisten a piece of filter paper with an ammoniacal solution of 3 per 
cent hydrogen peroxide. Follow this witl. a drop of the solution to be tC5fe<l and 
bold the paper over steam or allow it to stand for a few minutes. This causes 1 bO; 
to form and make.s the excess of hydrogen peroxide harmless. I inally add a drop of 
benzidine or vVrnold’s base solution in acetic acid. The test can be obtaine<l with 

1.6 7 of lead. vn . \Hf' H 

8. Diphenylthiocarbazone (dithizone) S^\i,; = XCaU* ^ ^ brick-red 

complex compound with lead salts in neutral, ammoniacal, alkaline, and alkali cyanide 

solutions. ... , , • 

Place a drop of the solution to be tested in a small test tube, add a drop of dithizone 

reagent, and shake well. As little as 0.04 7 of lead will give the test in a neutral 
solution. The fact that the test is obtained in solutions containing potassium 
cyanide and alkali tartrate makes this a specific test for lead in the presence of other 
heavy metals. The test has lieen used a great deal for detecting lead urine and in 
other biological fluids. As reagent a soluf ion of 1-2 mg of dithizone m 100 ml of car- 
bon tetrachloride is used. 

9. Hydrogen Sulfide produces in dilute lead solutions (from slightly 
acid solutions, as well as from neutral or alkaline ones) a black pre- 
cipitate of lead sulfide: 

Pb++ + H 2 S 2 H+ -I- PbS 

From hydrochloric acid solutions an orange-red precipitate of lead sulfochlonde 

is at first obtained: „ , nu c 

2 PbCU -b HjS -» 2 HCl -f- PbjCUS 

which is decomposed immediately by more hydrogen sulfide, forming the black lead 
sulfide. In this respect lead salts are similar to mercuric salts (s^ p. • 

Lead sulfide is soluble in dilute, boiling, 2-norma! nitric acid, forming lead nitrate, 

with separation of sulfur: 

3 PbS + 2 NOr -b 8 H+ 3 Pb++ -b 4 HiO -b 2 NO T + 3 S 

The reaction usually goc-s a little farther; some of the sulfur is oxidized to sulfuric 
acid, forming insoluble lead sulfate. The amount of sulfuric acid formed (and 
therefore of the lead sulfate also) increases with the concentration of the acid. 
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XiCad suicide is also soluble in strong hydrochloric acid: 

PbS + 2 Pb-"+ + HiS t 

10. Potassium Cyanide precipitates white lead cyanide, insoluble in an excess. 

11. Potassium Iodide precipitates yellow lead iodide: 

Pb++ + 2 1" -> Pbl. 

The iodide is much le-v soluble in water than the cliloride (195 ml of boiling water 
dissolve only 1 g of lead iodide), forming a colorless solution from which lead iodide 
separates on cooling, in the form of golden yellow plates. 

Tiie iodide dissolves to a considerable extent in hvdriodic acid, and in a solution 
of an ulkidi iodide, forming lead hydriodic acid. lUPbL), or one of its salts (such as 
K[PI)IjI), all of which are decomposed on dilution, with deposition of lead iodide. 

12. Sodium Phosphate precipitates wliite lead phosphate: 

3 Pb^+ + 4 IIPOr“ - 2 HaPO^" + PbjfPOOa 

insoluble in acetic acid, readily soluble in nitric acid, caustic soda, or potash. 

13. Sodium Thiosulfate produces a white precipitate of lead thiosulfate, soluble 
in an excess of the precipitant, forming, as in the case of a silver salt, a complex 
thiosulfate ion. In the presence of acid, lead .“stilfide is precipitated on boiling. 

14. Stannous Chloride and Potassium Iodide form with bivalent lead cations a 
tleep orangc-red complex salt, 2 PbJ- • SnI;. .Since lead sulfate responds to the test, 
tlh^= reaction i.s u^eflll as a spot test for detecting lead in the presence of other metals. 

I he reagent .should be fie.'^hly j)rcparcd as follow.s; To a solution made by dissolving 
till in strong hydrordiloric acid, aild .<aturated potassium iodide solution until, up>on 
shaking, the liquid solidifies to a ))ale yellow mass. Then add dropwise a saturated 
.-ulutii'ii of (adniium nitrate until the pale yellow mass dissolves. The reagent is 
stable loward ater, but vcllow stannous iodide precipitates when sulfuric acid is 

.'iddid. In making : rest, therefore, the presenec of free sulfuric acid must be 
gu rded .igaiii • 

flaci* a drop of dilute .■^ulfuric acid upon a piece of thick filter paper. 
\\ hen the liquid h. -• l<een well alisuibcd l*y the paj>er, place a drop of the solution to 
l>o toted . the jiu<i(ilo of t he >p'>t and add a drop more of dilute sulfuric acid to make 
sure tl.. all the lead i? tr;.n?fuinied to sulfate, which will adhere to the filter paper. 
.Moisten the t'-si -pot uuli water from a fine capillary tube and wash away any 
sokihli- >alls. \\ hen fhi.-^ is accomiih.-hed, add a drop of the reagent to the middle 
of the spot, v.hero the kad .•=nlfate uas dcp(».dted. If 10 y of lead is present, a more 
or less iiittn?-ive oiange-rcd coloration will appear. 

15. Sulfuric Acid and Soluble Sulfates in solutions of lead salts 
ciiuso the separation of whito, difficultly soluble lead sulfate: 

Pl>^- -b 11:^0, 2 II- -f PbSO^ 

One gram of the salt .li-M.lvcs at the ordinary tonipcraturo in 22,S00 ml of water; 
in wafer containing .-i htfh' Miifuric acid if still Ics:. M.liiUe, while in alcohol it is 
in.solul.lc. I.eail Mihao- di'-.ilv.-.- appiccniMy in hof, dilute hydrochloric or nitric 
acid, loiining Pl)d 'j. I m conling the livdiocldoric acid Solution, load clilorido 
sep.u-ates out in needle... Almost all the oilfuric acid of commerce contains some 
disi^olved lead sulfate. In order to detect this, 200-300 ml of the concentrated acid 
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should be dUuted with an equal volume of water and allowed to stand twehe ho , 

whereby the lead sulfate separates as a white powder ... 

Besides being soluble in acids, lead sulfate is easily soluble in ca^^tic alkahe-, ai d 
in solutions containing the ammonium salts of many organic acids. _ as prop r . 
is of great importance for the analytical chemist, ic. it offers a 
lead sulfate from barium sulfate, sdica, etc., winch remain 
nium acetate or ammonium tartrate is generally used as the solvent. A 
sulfate usuaUy remains undUsolved when Ba.S 04 is present. 

The reason lead sulfate dissolves in a concentrated solu ion of 
is that lead acetate forms, which is ionized oidy to a ver>- shght e.xtcnt m the presence 

of an excess of acetate ions: 

PbSO, + 2 CiHjOr — PbCCjHsOOs + SO 4 

SimUarly, ammonium tartrate in aqueous 
a tartrate which docs not ionize to any esteut into sunl. o 

also dissolves easily in caustic alkali solutions, forming nlkah pluml„ es^ „„rinitated 
From all these solutions made acid with acetic acd, the lead [ '’""P 'j 
as chromate by the addition of potassium chromate, as sulfate upon tlie add, t, on 

dUute sulfuric acid, or as sulfide by ammonium sulfide. 


Reactions in the Dry Way 

Heated with sodium oarhonate on fl.arcoal, all lead 
yield a malleable button, sunounded will, an mcrustation of t t 
Lde, On the charcoal stick, also, the nmllcablo button ts tcad.lt 

”^Le:d‘'gla.ss turns black ot, heating in the rcdncit.g flame, owing to 
the separation of lead. 


analysis of GRO0P I 

SUver lead and mercurous chlorides are diflicuMiy >olublc in water. YlYtlu 

to 0.038 mg IIg.Ch. 0 13 mg proch i 

dissolve in 100 ml of water. From these vaUu.. it m ofTt n^ 

of mereurous and silver cations will be nearly complete from lil " 

that, although lead chloride is much Ies.s soluble u. a w mn 
chloride ions than it is in water, lea.l will never be l o^^^ l o^^^^^^ 

from aqueous solutions. By the ad.i.tion of a large exee.-^ of 

precipitation of lead chloride can be made near > comp , uiKilysis of 

Llcohol at this stage of the analysis is rarely penniss.ble except m the anaijs.s 

certain alloys or compounds riel, i'' ,hat it is much more soluble in hot water 

Lead chloride is cliaractcnzcd by the fac i.vrlrorhloric nciil 

then in cold. On di^olving lead compound., in a a.nall 

the chloride often separates out a.s the solution cools, and . ji.^solve in 

lead chloride at this stage of the analysis than to precipitate it as sulfide, di.ssohe 

nitric acid, and reprecipitate as sulfate. 1 1 , ri.io he used 

A, group precipitant eiti.er hydrochloric acid or a.n.nonu ‘ 1“-';;;;;:^^ 

Any other soluble chloride would accomplish the same ei.d 1. „d,iitioi. of 

witl the .uteequent analyd,. If the -"dion „ 

hydrochloric acid may cause the formation of some other i i 
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alkaline cyanide solution, a solution of thio salt in ammonium sulfide, and an alkaline 
silicate solution will often give precipitates upon the addition of any acid. Such 
precipitates may dissolve upon the addition of a little more acid and cause no trouble, 
but sometimes it is best to treat the precipitate as an insoluble substance by the 
methods described in Part IV. 

Bismuth, antimony, and stannic chloride solutions on being diluted with water are 
changed into insoluble basic salts. These precipitates may be filtered off and dis- 
solved by repeatedly passing a little 2-normal hydrochloric acid through the filter. 
Then, since the solution thus obtained is likely to contain lead chloride, if lead is pres- 
ent in tlie sample analyzed, it is best to evaporate to about 1 ml, dilute with 25 ml of 
water, and precipitate with hydrogen sulfide without paying any attention to the 
formation of a basic salt upon diluting; such basic salts are changed by hydrogen sul- 
fide to less soluble sulfides. 

TABLE I. - ANALYSIS OF THE SILVER GROUP 


Solution may contain all the met.als. Add 0-normal HCl in slight excess, filter, and 
examine the filtrate for succeeding groups. Treat (he precipitate u-ilh hot water. (1) 


Residue: AgCi, HgsCli. Pour ammonia 
through the filter. (3) 


itesidiic: Black 
IIg(NH.OCl + Hg. 


Solution: [Ag(NH,)jl+. 
Add II NOi'. white pre- 
cipitate .‘ikows the 
presence of Ag. (4) 


Solution: Pb++. Test for lead with 
H-.SOt. Filter off PbSOi and treat 
the precipitate with hot NHiCsHiOt 
solution. Add KiCrOi] a yellow 
precipitate of PbCrOi shows pres- 
ence of Pb. (2) 


I'lic ana!\;*is of the first grouj) of metals is bused upon the solubility of lead chloride 
in hot water, the solubility of silver chloride in ammonia, and the blackening of 
lueri'uroiK cliloriile bv ammonia. 


PROCEDURE 

1. To tlio cold, conc(‘ntralvd solution add G-normal liydrochlonc acid 

and, if a pia i.ipitatc i.s formed, eoutiruie adding hydrochloric acid, drop 

by droj), until no furtlier precipitation takes place. Filter through a 

small filter {cf. p. 70), and wa.sh the precipitate four times with a little 

cold water, lilowiiig a fine stream from the wash bottle around the upper 

edge of the filter and waiting each time until the filter has drained 

before adding a frcsli portion of water. Do not use more than 5 ml of 

water each time. ^ Take the entire filtrate for the analysis of Groups 

II, III, I\ , and \. Pour a little hot water through the filter. Test 
the residue bj’' (3). 

2. Test the first 5-ml portion of hot water that runs through the 
filter for lead by adding a few drops of concentrated sulfuric acid. If a 
precipitate forms, filter, wash once witli cold water, and then pour 
10 ml of hot 3-norinal ammonium acetate solution through the filter. 
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Add a few drops of potassium chromate solution to the solution and 3 mi 
of 6-normal acetic acid. A yellow precipitate of lead chromate should 
form if had is present. Continue washing the ch orides with hot uater 
untU 5 ml of the washings wiU give no test for lead with potassium chro- 

mate ^oktio ammonia around the upper edge of 

catching it, as it runs through the funnel, m a test tube. Acidify the 
aLate with nitric acid. A white, curdy precipitate of silver chloride 
fs formed when sUver is present. The treatment -‘'ammonia causes 

anv mercurous chloride to turn black on the filter (cf. p. lOb). 

If“oXa. mercurous chloride and very little silver chloride is 

prllt the treatment with ammonia may fail to d-lve sdver ch orid. 

In such a case wash the black residue and pour repeate 11> a mi.Miire ot 

3 jtnorLl hvdrochloric acid and 10 ml of saturated bromine water 

through the filter. This serves to convert tlie^ I, 

soluble mercuric salt and leaves the siher on h. i . ^ 

U • 1 tiw. filter with hot water, and again pour o mi oi 

Lnlloldum hydroxide ti.rougli it, and test the ammoniacal solution for 
silver with nitric acid. 

Quiz Questions* 

, .1 ./ .nln eontfl. a miit. ol npsfXOi^*, 

1. Give, in tabular form, an outline ^ 1 , ' nml pro.luctv State rotor- an.l *oly. 

AgNO, and Pb(NO,).. "'rite fortnuloa of di«olve in 1 1 of water? 

2. Tho Sp of Agj‘0, at room temp. i» l-S X ll> • ‘ 

Ag - lOS. P - 31. 0 - I'i. 

3. Write balancetl reactions for ■ ^ the black ppt. formed in 

(a) action of NH.OH sol... on AgCt PPt- (M »c‘.on oi « 

“tr “Si- ^ 

.oi„. i.o« n..„v ...iniiiw. o, ,0 pc. cc„. mso, <r. i.so .i.cCS 

be used? . ,,.i „» water, calculate tlie .Sp of lc.vl chloride. 

0. If 0.11 g of PbCh will just d.sso VC in O n f principle why the presence of u 

7. If Pb- is present in a coin, to be f «*• '"S’,','; Group 1 and lc-« in Group IL 

moderate excess of NH.CI tends to Ucp reactions involved in the anal, of the silver group 

8. Writ« cquAtione cxprc«in8 

WS.1 .1. o, NH,C1 1. w 3 NU.C, -V n---- «- 

'1o‘- H sr‘p“ x'io-.’.'Xp« .1.C lo.n. 500 ...1 or ...a- ..m. com., 

0.170 g of AgNO>. 

' ^ tho Ntiussachu.sctts Institute of 

• These questions arc taken from qui//* K abbreviations 

Teclmology. Usually three quesUons were g.ven at a time. 

arc mostly those used id C/icmica/ 



GROUP n. HYDROGEN SULFIDE GROUP 

MERCURY, LEAD, COPPER, BISMUTH, CADMIUM, ARSENIC, 

ANTIMONY, TIN (GOLD, PLATINUM) 

This group is composed of cations which are precipitated as sulfides by hydrogen 
sulfide from solutions which are 0.3 A in acid. It includes mercuric mercury, lead, 
copper, bi.>^nmth, cadmium, arsenic, antimony and tin. Silver and mercurous cat- 
ions are also preeipituted by the introduction of hydrogen sulfide into solutions 
which are 0.3 A in acid but it is assumed that they liave been removed as clilorides in 
Group I. I.ead is always found in this group for its removal as chloride is incomplete 
unl^s the concentration of tlie hydrochioric acid is carefully adjusted and alcohol is 
added. numljcr of rarer elements belong to this group as will be shoum in Part V. 


Mercury, Hg 

The propertie.s ,,f the element it>elf. Il.e reartions of mercurous salts, the dry 

re.ictio,,> nu<\ the deteciuoi ..f mercury in urine have already been discussed under 

I. 


Mercunc Salts 

Mercuric .silts are mostly rn|..rie>s. The iodide is red or yellow. By heating the 

mi tetr..paia .r;, staled me, euiK-^ .vcllow sublimate of orthorhombic needles 

^ bt.imed alia-h ma, ua ly ehanee- haek to t lie red tetragonal modifieatioii. If the 
.M'llmv erysias :.,e nil.bed ll.e eh. I,... takes place almost instantlv. It is a general 
.d d,mnrpla,u.s ’.odies ttiat the more .■iionmch ical fonn i. almost aliLj, the 

I liu I t[;K*ls or I V{\, 

".r'"'''*;'", lo^ 7.3nB 

^ 1 I I..I I ^ it oU . .1 ^ s() , :iui\ t; 100 ® ^ 

Mei. mie i>,u,„i,le is <ii.,i„,.,ly soluble linn the chloride fl g HgRr, dissolves 
in - ml «ater at H ... ar,d riereuiic iodid- is very much le.ss soluble The halides 
td men-u[\ fnnn Tii.Ie .nmplexe.. with exee.^s haingei. hvdride or with alkali chloride 
w ereby the p.lubduy is i„,.rea.e.l .ery materially and the tendonev f;!r tt u 
hahde to volat.l,.:e during evaporation is le..sened. Small (luantitie.s of mereurt 
are always lost when a hydroehlorio acid solution i.s evaporated to dr -aT . 
pmtieuiarly if the reridue is heated to dehvdiate silica. On the other han'l 
hrih- vola..li.atOn of IlglV when a so.urion .--^ntainin; ^ h 
aeid ,s boiled but not evaponitod entirelv todryne-- ''.Mirohrumic 

Th.. ..yani.lo arc inni.yj 1,,,, very 

niti» Minplp luorrunc ions. 

.Me, , uric eon, pom d. are eharaeleri/ed furthermore bv the roadine- wi,h , 1 ■ , 
They undergo hydro!y-i>. forming in-olui.lr salts ThiLs the M.lf t 

„l,c.„ .1,1, ., 0,1 :„.,„a,„larly ,o„ra,ii,K) a 
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low insoluble basic salt: 

3 HgSO* + 2 HiO 2 H 1 SO 4 + HgjOjSO. 

Hydrogen ions prevent this hydrolysis. , , , . • u 

The nitrate also is readily hydrolyzed into more or less insoluble basic salts, ac- 
cording to the dilution : 

Hg(NO,). + H,0 ;=! HNO. + Hg(OH}NO, 

2 HgCNOj)i + 2 H,0 ;=i Hg:0(0H)N0j + 3 HNOj 

All the soluble salts of mercury are poisonous. 

Reactions in the ct JTay 

A solution of mercuric chloride and one of mercuric nitrate are used for these reac- 

tiODS. 

1. Hydrogen Sulfide produces in solutions of mercuric^ salts a pr^ 
cipitate which is at first white, then yellow, brown anti 
tL white precipitate is formed according to the follountg equat.on. 

3 HgCln + 2 HoS 4 HCl + HgdCl.So 

By the further action of hydrogen sulfide, Itlaek n.erettrie sulfide is 

finally obtained: 

HgaCl.S, + H:S 2 HCI + 3 HgS 

Mereuric sulfide is insoluble in dilute hoiUng acids. Hot concentrated nitric acid 

transforms it gradually into white « u c /tan ^ 

9 HgS + 8 HNO, _ 2 NO I + 3 S -H 4 H-.O -H 3 

which by long boiling is into the .epamtioii of sulfur: 

It dissolves readily in aqua regia, forming 1 < n n 

3HgS+OIICl+211NO.-.31IgCl. + 3S+2NOt +411=0 

Mercuric sulfide is insoluble in caustic soda and po.»^l. »lu*.o.>^ -d ammon.um 
sulfide, but it dissolves readily in sodium or pota.s.sium sulliuc. 

HgS + S" 

By dilution with water this complex aniot. mercuric 

sulfide with the formation of hydrasulfide and hydrox de . 

IIgS,'- + IbO^Oir + Sll +HgS 

.li^nlve the mercuric pulfide with considerable 
Therefore it is always necessary to du considerable caustic pota.sh. 

potassium sulfide, or with little potassium sulfide and cons.Uira 

in order to prevent this hydrolysis. , the formriti..n of cinnabar 

The fact that KgUgS: Ls so readily i, f.^mied, which is brought 

in nature. In the interior of the earth the 
by springs to the surface and there 

Ammonium chloride prceipitutcs mercu mercuric sulfide is soluble 

Unlike the sulfides of silver, lead, bismutl , li,,,|inm it is precipitated from 

in potassium thiocarbonate solution, and unlike palladium, it is prec.pita 

Buch a BolutioD by means of carbon dioxide gas. 
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2. Alkali Hydroxides precipitate yellow mercuiic oxide; 

HgClo + 2 OH" 2 Cr + HoO + HgO 

The hj'droxides of the noble metals are exceedingly unstable; they lose water, as 
a rule, even in aqueous solution, forming the anhydrous oxide. 

On adding a lesser amount of caustic potash to a solution of mercuric chloride, a 
reddish brown precipitate of basic chloride is obtained: 

2 HgCL + 2 OH" -» 2 Cr + H,0 + Hg-OCU 
or 

3 HgCL + 4 OH" -» 4 Cr + 2 H 2 O + HgjOsCl, 

In the presence of ammonium chloride, the precipitate formed by caustic alkalies 
is neither yellow nor red, but white as when ammonium hydroxide is added. 

Mercuric oxide and the basic salts are readily soluble in acids. 

3. Alkali Bicarbonates produce no precipitation in a solution of mercuric chloride, 
but do cause precipitation from mercuric nitrate: 

4 IlgfNOjlj + S XallCOa 8 NaNOj + 4 HiO + 7 CO 2 t + Hg.OjCO, 

4. Alkali Carbonates precipitate from both the chloride and the 
nitrate a reddish brown basic carbonate in the cold; 

4 IlgCl.. + 4 Na^COa ^ 8 NaCl + 3 CO 2 f + Hg^OjCOa 

wliicli on boiling loses carbon dioxide and is clianged into j^ellow mer- 
curic oxide. 


o. Aluminum, Copper, Zinc, Iron, and Formic Acid precipitate mercury from 
solution.^ <»f its salts: 

HgCli + 2 Cu CujCb + Hg 
Ilgrij + Fe — Fe++ 2 Cl" + Hg 
IlgCl; + IICIIO2 - Hg + 2 HCl + CO2 T 

On plaoinp a drop of mercury .solution (whether of a mercurous or a mercuric salt) 
upon a pk-co of l^right c .pper-foil, a gray spot is formed, which, when dry, becomes as 
bright as silver 

Aluminum phirod in a sulution containing a mercury .‘^alt causes deposition of 
moreurv-. 1 he iicc im-n ury nmalgamatc.s with the aUuninum and make.s it sensitive 
lo nxidatmn in riioi>t mr. W hen the aluminum is oxidized to alumina, the mercury 
unites with more of the aluminum and a trace of mercury causes considerable corro- 
Eion of a piece of bright aluminum. Tlie alumina formed can be detected by the 
alizarin test (see Group III). .Ls little as O.OOOl y of nicrcurj' has been detected 
by this uutivatinn of nlurniimm. 

6. Neutral AlkaU Chromates precipitate yellow mercuric chromate from both the 
chloride and nitrate solutions. On long standing or on boiling, the precipitate be- 
comes red, a basic salt probably being formed. 

7. Alk^i Dichromates throw down a yellowish brown precipitate from the nitrate 
solution, but not from the chloride. 

8. Ammoma produces in a solution of mercuric chloride a white 
precipitate of mercuric aminochloritlc: 

HgCl, -f 2 NH 3 -> NH ,+ + cr + Hg(NH 2 )CI 
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This compound, the so-called “ infusible precipitate.'' can be volatilized 
without melting. It is soluble in acids, and reacts with hot ammonium 
chloride solution to form the “ fusible precipitate 

HgCNH2)Cl + NH4CI Hg(NH3):Cb 

If ammonia is allowed to act upon mercuric nitiate a white o.xy- 
amino compound is always formed; 

2 Hg(N03)2 + 4 NHa + H 2 O 3 NH^NOs + O ( Hg / ‘ 

9. Ammomum Stannic Chloride and Sodium Hypophosphite react rapidly in the 
preseace of mercuric salts. 

The reaction _ . 

2 + H.POr + 2 H=0 - 2 Sn** + POr" + 0 H 

takes place very slowly and incompletely, but if a '-V little mer-ie salt is preset 
the rate of reaction is increased greatly. Thrs ,s an .ndac.d r urhoa. T e ^esenco 
of Sn-^^ can be shown by cacotheline whi.-h gives a violet color. As bttle as 0.1 7 

of mercury can be detected. 

10 - . 

HN-CO 

X(CHj)j. 


• 1 . • b with mercuric .•solutions. A.s reagents, prepare a 

srrairsduriLroVdlr., ethyl, unin.^ 

18 present, a pink color will be i,est to make a blank 

yellow or orange color, wlicii treated with ul ‘ 

test at the same time. acid soluliun of mercuric 

sail^i^ :• ^::^r "c. ^i-.,e cou,pusi.iou ,,f ;he^ 

but it is probably a cMuplox c„u,l»u,.d of ...ercury w, h d pheuj Icarbaz.de 
' • MlCtllft 

ite oxidation product, diphenylcarbazone. =xC(IIi. 

Thesensitivityofthctcstdepc„ds^n.h^eidht.f.^™Mmna.^u^^ 

the mercury is prc.scnt as halogen salt . than the 

Bitivity, and elightly ,|,e reagent gives color reactions 

nitrate, sulfate, or acetate. In neutral . . k ^ 

f ae. of .... conceu. 

with a freshly prepared 1 per cent solutioi. of d.phenylcarbaz.dem alcohol. 

^^/NH • NHCdb gives an orange compound soluble 

12. Diphenylcarbazone, 

u * * Ul • 1 Aa little as 0 25 7 of mercury us HgCh will give the test, 
m carbon tetrachlonde. As httle as u 7 compounds, but if the test 

Many other cations react with the reagent to give coiorea co p 
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is made in an acid solution, the only elements that interfere seriously are Sn, Sb, Bi, 
Cu, Au, and the platinum metals. The trivial name dilhizone has been proposed for 
diphenylcarbazone. 

Mi.x 1 drop of the solution to be tested with 2 drops of the green solution obtained 
by dissolving 6-20 mg of dithizone in 1 1 of carbon tetrachloride. After the evapora- 
tion of the liquid, add a little carbon tetrachloride; an orange solution will be obtained 
if mercury is present. 

The interference of ferrous and stannous ions can be prevented by oxidation; the 
reactions of the reagent mth antimony and bismuth can be prevented by adding 
tartaric acid together with a little nitric acid in the case of bismuth. Gold ions can 
be precipitated >vith sulfurous acid and platinum metals removed by treatment with 
powdered copper or silver. If copper is present, the mercux>' solution should be 
neutralized and then made distinctly acid by adding 95 per cent formic acid. Then 
on adding dithizone solution a pink color will be obtained w'hich turns to orange 
yellow if mercury is present. 

13. Ferrous Sulfate reduces mercuric nitrate on boiling to metallic mercury: 

HgfNOj)! + 2 Fe'*^ 2 Fe+++ -j- 2 NOr + Hg 

Mercuric chloride and cyanide arc not reduced by ferrous sulfate. 

14. Potassium Cyanide produces in a solution of mercuric chloride no precipitation, 
because the cyanide, us well us the chloride, forms readily soluble complex com- 
pounds with alkali chlorides. The following are known: KIHgCls), K-IHeCUl 

KlHg(CN),Cl],KdHg(CN).Cld.andKdHgfCN)d. 

In a concentrated solution of mercuric nitrate, potassium cyanide produces a 

precipitate of mercuric cyanide, soluble in considerable water and in potassium cya- 
nide: 


Ilgv'NOi), -I- 2 CN 2 NO," -b Hg(CN)j 

Mercuric cyanide is the only cyanide of the heavy motaLs that is soluble in water, 
m rvTn di.ss<.lvc.s mercuric oxide perceptibly, forming the complex compound 
(ilgCN)jO. A .solution of mercuric cyanide gives no precipitate with carbonates or 
caustic alkalies, be.•.'lu^e mercuric oxide is soluble in mercuric evanide. Mercuric 
cyanide IS not decomposed bv dilute sulfuric acid, although it is by the halogen acids 

in..-:t difhcultly by Iiydrot hlorie acid, and most readily by hydriodic acid; hydro- 
gen sulhdc iiecomposcs it •• irh precipitation of mercuric .sulfide: 

Ug CXlj 4- U.S ->2 IICX + HgS 

15. Potassium Iodide produce.^! a red precipitate uf mercuric iodide, 

iittn,-i-2r->2cr + Hgi, 

soluble in e.\ees.s iodule ions, forming a colorless complex anion: 

Hgi. + 2r-^lHgi.,r- 

This comiilex anion i. scarcely dis.sociated at all into .simple mercuric cations, 
for he solution givr^ no precipitate with caustic soda or potash. The alkaUne 
solution IS the so-callcd Xessler’s reagent, and serves for the detection of very slight 
traces of ammonia. There ... formed in this reaction the brown-colored conipound, 

^ Hg ^ ^ an excess of the Xcssler’s reagent, with an in- 

tense yellow eolor fcf. C’.nmp V). Small quantities of mereury can also be detected 
by means of tins reaction, in wl.ich case cau.^tic alkali and anmionia are added to 
the solution whicli lias been (e?ted with potassium iodide. 
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16. Potassium Thiocyanate added to mercuric nitrate soluUon ^ves a white 
precipitate of HgfCNS)*. Mercury can be determined quantitatively by measun^ 
the volume of thiocyanate solution which can be added before a permanent reu 
color is produced with a little ferric salt which has been added as indicator, silver 


is determined similarly. 

17. Sodium Thiosulfate added to a boiling acid solution 


of mercuric salt gradually 


precipitates HgS and S : 

Hg-^ 4- 3 SiOj"" + 2 H+ — HgS + 2 S + SO* + H:0 + 2 SO, 


18. Stannous Chloride reduces mercuric salts, first to insoluble 
mercurous chloride (calomel): 

2 HgCU + Sn++ -» Sn++++ + Hg:Cl. + 2 Cl 


and by further action to free mercury: 

Hg.Clz + Sn-M- — Sn++++ + 2 Hg + 2 CP 

Metallic mercury separates out in the form of a gray ponjler By 
decanting the solution, and boiling the residue with dilute hydrochloric 

acid, the mercury appears in tiny globules. 


LEAD, Pb 

The properties of the element and of its compounds were given under Group I, 
page 110. 


BISMUTH, Bi. At. Wt. 209.0, At. No. 83 

Density 9.8. M. P. 271". 0. P.1400' 

Oceutrenee. - Bismuth usually oceuts uat.vc with 

following ores are of no great =n’' 

empfectite, Bi,S,Cu,; bismutitc, .I ' ,„i ,‘hich crystallizes in the 

Propertie,. - Bismuth is a hrittle, reddish w lute . d„i,ed 

hexagonal system. It was discovered by \ alcn „„j, Wl.en 

from the German IVismu,, which in is then 102 mm. 

Bismuth is diatomic in the solid state (metals are , eon- 

is monatomic. About 270 tons of the metal are produc d anm^ - t 

Btituent of some low-melting alloys, and its ox.de and 
maceulical preparations. Nitric acid is the proper sohenlM ln.muth. 

Bi + 4 HXO, Bi(NO,), -b 2 H^O -f NO T 
The metal is insoluble in hydrochloric acid but is dissolved by hot, concentra 

sulfuric acid; ^ ^ ^ + 3 SO, T + <* 

Bismuth will dissolve in liydrocliloric or ‘ ^ "'ll"'* Wisinutli trichloride, 

peroxide (pcrhydrol) is adder!. .\f|uu regm d ^ ^troxidc, BiaO,; 

Bismuth forms three oxides: bismuth tr.ox.de, U..O„ bcu.u 

and bismuth peroxide, Di]06. 
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Bismuth trioxide is a basic anhydride,* from which most bismuth salts are derived. 

Bismuth pentoxide, a brownish substance, acts os an acid anhydride, forming an 
acid, HBiO, corresponding to metaphosphoric acid. Salts of this acid have never 
been prepared in a pure state. On igniting, BijO* loses oxygen, forming yeUow BijO,. 
It dissolves in hydrochloric acid with evolution of chlorine, forming a salt of tri- 
valent bismuth; 

Bi,Os -f 10 HCl 5 EjO + 2 BiCh + 2 Cl, T 

Bismuth tetroxide is a brown powder which is sometimes used as an efficient oxidiz- 
ing agent. Commercial sodium bismuthate is probably a mixture of NaBiO, and 

Bismuth salts are mostly colorless, and are aU iasoluble in considerable water, on 
account of being hydrolyzed into an insoluble basic salt; thus the chloride is quanti- 
tatively decoinpo.sed into basic bismuth chloride, often caUed bumuthyl chloride, 

BiCl, -I- H,0 ;= 2 HCl BiOCi 


insoluble in tartaric acid (ilifTercnce from antimony). 

Bismuthyl chloride is readily soluble in hydrochloric acid, the above equation 
taking place from right to left. The reaction, therefore, is reversible, and the relative 
amounts of water and hydrochloric acid pre.scnt determine in which direction the 
reaction will go. On adding water to a slightly acid solution of Bid,, a white pre- 
cijHtate of the basic chloride appears immediately. On carefully adding hydro- 
cWoric acid, the prcnpif ate again dis.solves. but may be reprecijiitatcd by the addition 
0 more water. All the otiicr compounds of bismuth act as the chloride. The 
nitrate yields, at fiist, an atnorphoiw precipitate of BiOXO,, 

Bir-VO,), + n,0 2 HXOj + BiOCNO,) 

whirh becomes more basic an.l crystaUine on further addition of water; 

2 Bi0(N03) -f n.iO Bi:03(OH){N03) -t- IINO 3 

rin.s last compound is the bismuth subrntralc which is so much u.scil in medicine. 


/(carrions in the If et IT'ay 

1. Hydrogen Sulfide prociijitatcs brown liisrauth sulfide: 

2 -f 3 H.s -f- 6 H+ 

insol,,b|, in ,,i| ^ 

Jt dilute mtiK- acid and m boiling concentrated hydrochloric acid. 

Bi.S, + 8 IC + 2 NOr 2 BiH-r + 2 XO T + 4 H^O + 3 S 

and Carbonates preoipifate, according to the temperature 

Md concentration, a numiier of basic cai-bonatcs, one of which is 
formed according to tin following equation: 

^ cor ■ + 11:0 ;=i 2 Bi(OH) {CO.,1 + CO, f 

^ •Bismuth trioxide acts as a weak acid under .,omc cireunt.rtanecs (of. footnote, 
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3. Alkali Hydroxides precipitate, in the cold, white bibmuth 
hydroxide: gi-^ + 3 OH' ^ Bi(OH )3 

which, on boiling, becomes pale yellow: 

Bi(OH)3 n,0 + BiO{OH) 

Both these hydroxides are insoIul)!e in an excess of the precipitant,* 
but are readily soluble in acids. 

On nddi„8 to the alkaline solnfon. ,n whida the hydroxide " 
bromine, hypochlorites, or hydrogen peroxide, he white or jellowch precp.tate 

becomes brown, owing to the formation of bi.<routbic acid. 

BiO(OH) + 2 Oir + Clj -» li'.O + 2 Cl + HBiO, 

4 AlkaU Stannites (alkaline solutions of stannous chlonde) cause a 
black precipitation of metallic lrisKmtl,.t This very 
is performed as follows: To a few drops 

caustic alkali until the white h:.. t ta^^^ 

Add this sodium stannite solution to the eo >ismu ' ‘ ' jj 

ing, a black precipitate immediately appears. Ibe followmb leactions 

take place in this test: 

g^-H- _[. 2 OH" — > Sn(OH )2 

Sn(OH) - + 2 Oir — 2 H-.O + SnO^ 

3 SnOr- + 2 B + 6 OIK 3 II.O + 3 SnOa"' + 2 Bi 

In making this test, a too may give a black 

aod the solution must be kept coUl, o 
precipitate of metallic tin (cf. pp* 228). 

2 SnOr- + H:0 .Sn(b- + 2 OlP + Sn 

If too little eaustic potash is used, black sta.mous oxide will be thrown down in the 
cold, after long standing; quickly on boiling. 

Sn0r' + IB0--2OIi“ + Sn0 

« T .1 CoU H a di-ol) of 1 per cent load acetate solution is 

6. AlkaU Stanmte and Lead Salt. It there will be no darkening 

mixed on a spot plate with a drop of alkah ^ ™ ^ i„„: 

due to deposition of lead until after three to ten minutes. 1 he re 

Pbo.- + suor- + n.o-P>> + Snor- + 2 0i! 

takes plaee very slowly, but if a trace of bismuth is present (less .ban .be cuan.i.y 

•In very concentrated KOH, hydroxide 

of the Bi(OH). is preeipitated, and on dilution all ol 

act8 as a weak acid, like .V nrecipitute often contains HiO. 

t Vanino and Treubert, 18 > 
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required to show visible reduction to bismuth, in the alkali stannite test) the reduction 
of the lead is catalyzed and takes place much more rapidl 3 ’’. 

Place a drop of the hydrocliloric acid solution to be tested for bismuth, on a spot 
plate, add 1 drop of saturated lead chloride solution and 2 drops of alkali stannite re- 
agent, and mix by stirring. A distinct browTiish color will be obtained with 0.01 y 
of bismuth within three minutes. If much bismuth is present, a precipitate of 
metallic lead will be obtained immediately. To prepare the alkali stannite reagent, 
dissolve 5 g of stannoas chloride crystals in 5 ml of concentrated hydrochloric acid 
and dilute with water to 100 ml. When ready to make the test, mi.\ a little of the 
stannous chloride with an equal volume of 25 per cent sodium hydroxide solution. 

Copper interferes because brown cuprous oxide is formed slowly by the action of 
alkali stannite. To prevent interference, add after the drop of saturated lead chloride, 
1 drop of 2 A sodium hj droxide and 1 drop of 5 per cent potassium ej'anide solution 
and then add the stannite. In this waj’ 1 y of bismuth can be detected in the 
pre.sence of 1 mg of copper. 

C. Ammonia prccipitatc.s a white basic salt (not the hydroxide), 
the composition of which varies with the concentration and with the 
temperature. 


. . Ammonium Thioacetate c:m.ses the partijd precipitation of bismuth sulGdc in 
tlio cold and complete prccipitati<jn on boiling: 

+ ‘j iii+*+ -I- 3 H;0 —3 CILCOOII + Bi:S, + 3 H"- 

Sodium Ihidsulfnte nflded to a solution of a bismuth salt containing not too much 
acii.l, givc.s ai lirst a yellow coloration and tinally a black precipitate of sulfide: 

11:0 -f J f 3.S(),-‘-BiiS3 -f 0 H* + 3 SO" 

S, Cinchonine and Potassium Iodide added to a slightly acid suhifh.n containing 
lii‘-iiiuili ioiiK rau.M-. picripitatioii ..r an orniigo-rc<i coloration due to the formation of 
bi-iimth-ciiichutiitie ioilidc. The tc.<t has been obtained with as little as 0.14 y of 

( ai. organic ba.^r. <,f complicated composition. It, ns well as mimerous 
ot!it>idi ga!.ii- f'.rms iji.-oluhio doiibli- iodiiles with bismutli of the general formula 
Ibl 15 ill ill 1 *, M‘pr(*>ciit> tlie laise. 'I’liese organic l):i.ses can 1)0 regarded 

a.s nii4<< ulcs of Nil. „nv or more of the hydrogen atoms replaced by organic 
groups, .lu.-t :k wo ran write aninioiiiuin iodide XIL III, so it is quite common 
mer.'lv to a.l 1 the iMiumla of the acid to that of the biuse in forming salts of organic 
l^cs.^ W hat ue call an organic ba.^^c i.s usually a compound like NIL rather than one 
liki‘ NFl*()ll <\vhirh ran lu* written NlIvMoO). 

To prepare the reagent for the ab..ve test, dis.-olvc 1 g of einclmtiinc in 100 ml of 
iiot, water and a little nitric arid; cool and add 2 g of potassium i<Kli(le. 

1 he copper, lead, .ind mercury iiitetfeic.< with the test as these elenrents 

retict witli pofas.-^iutn iodide. If, however, the test is mnde «.n lilter paper, the test 
spot, as a result <if capillarity, iLsuully shows distinct zones; a white central zone 
contains the mercury, around it is an orange ring due to bi.smuth, next comes a 
yellow ring dire to lead iodide, and on the outside is a brown ring caused bv free 
iodine liberated by the reaction with ('u"^*. 

rrondur,-. — Moisten a piece of lilter paper witli the eincliotiine reagent, and upon 
the moi.stenod spot put a drop of the .slightly acid solution to be tested. An orange- 
red .spot indicates the pie.scnce of bLiinuih. 
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• 9. Potassium Cyanide precipitates the white hydroxide (not the 
cyanide). The cyanide is probably formed first, but it is h 3 ''drol>zed. 

Bi+++ + 3CN'->Bi(CN)3 
Bi(CN)3 + 3 HOH 3 HCN + Bi(OH)3 

10. Potassium Dichromate added in excess precipitates yellow bis- 
muthyi dichromate : 

CraO;"" + 2 Bi+**^ + 2 HoO -> 4 H+ + (Bi0)2Cri07 

soluble in mineral acids, insoluble in caustic alkalies (difference from 
lead whose sulfate is less readUy dissolved by acids but dissolves readily 

in solutions of caustic alkali). 

11. Potassium Iodide precipitates black bismuth iodide, 

Bi+-H- -I- 3 r -»Bii3 

soluble in excess of the reagent, forming a yellow or orange solution: 


Bila + r 

By diluting this last solution witii not too much water, the black iodide 
is reprecipitated, which, on the addition of more water, is changed 

into orange-colored basic iodide: 

Bil + HoO -> 2 HI + BiOI 

12. Sodium Phosphate precipitates the wliite, granular phosphate, 
insoluble in dilute nitric acid, difficultly solul.lc m liydrocl.loric acid . 

2 HPOr~ + Bi+^ + BiP04 

13. Sulfuric Acid does not cause precipitation wlien added to iK'id 
solutions of bismuth salts. When tl.e 

fumes of sulfuric acid arc evolved, the resulting )i.sniii i i 

will dissolve in water giving a clear solution in iiios cases. 
ing a long time, or sooner it considerable ‘ 

precipitate of bismuthyl pyrosulfate, (BiO):S:()7 • 3 Ib , ' ; ' 

this is sometimes mistaken for lead sulfate ™ , d n- 

14. Water causes hydrolysis of all soluble 'V ne o^lm 

soluble basic salts arc precipitated. This is particularly true of tlie 

chloride; ^ ^ + 2 H+ 

The precipitate dissolves readily in dilute, mineral acid Init unhke 

antimonyl chloride, SbOCl, it is not dLssolved by “ f' 

precipitation of bismuthyl chloride is a characteristic reaction 
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mutb and may take place, to some extent at least, when a chloride 
or even hydrochloric acid is added to a solution of bismuth nitrate. 

15. Zinc precipitates metallic bismuth; 

2 Bi+++ + 3 Zn 3 Zn++ + 2 Bi 


Reactions in tJic Dry Way 

Bismuth salts color the non-luminous flame a pale greenish white. 
Heated with .soda on cliarcoal before the blowpipe, a brittle button 
of the metal is obtained, surrounded by a yellow incrustation of bis- 
muth oxide. 


The flame test for bismuth can be made to detect as little as 0.004 y of bismuth. 
Ignite, gently, in a hydrogen flame which is not more than 0.5 cm long, a paste of cal- 
cium carbonate and water in a loopof platinum wire. This dries the paste and causes 
some calcium oxide to be formed. By means of another platinum wire loop, moisten 
the ignitcrl product with a drop of the solution to be tested and heat again but not 
too strongly. Co(»l for a short time and then bring the mass near the edge of the 
hydrt)gcii flume; if hismutli is present a blue luminescence will be obtained the 
niomenf the mass touches flic flame. When the lime begins to glow, the bismuth test 
will l)Oob.«curcd. 


On heating a coinpouiul of bismuth in the upper reducing flame (p. 78) of the 
Hun.<en burner, the bismuth is reduced to metal, which is volatilized and burnt to 
oxiilc in 1 lie upjier oxidizing flume. On holding a porcelain evaporating dish (glazed 
on {lie oiitsiih* and lilled with water) jo-^t above the oxidizing flame, a barely visible 
is obtained, whicli, on br'ing treated with hydriodic acid, is changed to 
scarlet ioilolasmuthic acid: 


Hi.Oi -t- S III -».3 U,0 + 2 II[BiL) 

1 lie hv<lriodic ncid is most easily obtained by moistening a piece of asbestos, held in 
die 1 "tp of :i pi dinum wire, in a solution of alcoholic iodine solution and then set- 
ting lire to the nmist a-bf>tos. By holding the burning asl>cstos under the dish, 
enough hy.lriodic arid is obtained to change (he bismuth oxide into the red compound. 

By bnatlimg on this deposit, the eolor disappears, but reapirears a.s soon as the 
nioi>riire has cvapoiHicd. i ij, cxpo.sure to fumes of ammoniji (by blowitig the vapors 
iiwii' iivm thest'ipper of an anmionia bottled (he deposit is colored a beautiful orange, 
o»\ mg t') the formation of (he aiumoniuin salt of the iodobismuthic acid: 

IIlBil,] -I- NTL-XIIdBild 
%vhich also liecomes invisilde on I'fing breathed upon. 

By moistening this ctnrtitig with an alkaline solution of stannous chloride, black 
metallic bismuth is deposited. 


COPPER, Cu. At. Wt. 63.67, At. No. 29 

Dondty S.03. M. P. 10S3® C. B. P. about 2310° 


Orcucrenct. — Copper occurs jis native copper, Cu; ctiprite, CuiO; chalcocite. 
CujS; chalenpyritc, CiiFcS,; nmlaehite. Cus(On):C0a; nzurite, Cu 3 (OII)j(COs)j; 
tmd ntacamite, CujO ()11)C1H;0. 
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Properties. — Copper is a light red ductile metal; its name is derived from the 
Latin c\ij>rum, which is related to the fact that copper was obtained in ancient times 
from the island of Cyprus. The metal was known in prehistoric times (more than 
6,000 yeare ago). In tenacity, it is next to iron, although a copper wire will support 
only half of the weight borne by an iron wire of the same size. As a conductor of 
heat it is surpassed by gold and silver, and it is next to silver as a conductor of elec- 
tricity. The effect of even a slight impurity, especially arsenic, is very marked upon 
the conductivity of the metal. Dry air does not oxidize copper, but m moLst air 
containing carbon dioxide it becomes covered with a layer of basic carbonate, cal cd 
verdigris, which protects the metal from corrosion, ^\ate^ alone has no appreciable 
action, but hot water containing dissolved oxygen causes corrosion. Important 
aUoys of copper are brass, bronze, and German silver. The annual production o 
copper is over 1,500,000 tons, of which about half is mined in the United states. Its 
price has fluctuated in recent years from C to 30 cents per pound. 

The 'proper ^olverU for copper ie nilric acid: 

3 Cu d- 8 HNOj -* 3 Cu++ + 6 NOj“ + 4 II;0 -1- 2 NO. I 

Bright copper is not dissolved by hydrochloric and alone, but in riie 
weak oxidizing agent, e.g., ferric chloride, the solution of the metal is eas.l> ffe to b 
Hot hydrobroL^acid dissolves it with evolution of hydrogen, forming bromoeuprous 

2 Cu -h 0 IIBr ^sH.lCu-Urtl + IL I 

At the beginning of this reaction the solution usually turns dark violet on acco^ 

of the formation of the cupric salt of bron»>cuprou.s acid. ...on bn'.mvs 

somewhat oxidized on the .surface. In this case, ho\\ovpr, le so ■ | ij„i, 

colorless, o^ving to the reduction of the cupric .^alt by motalhc copper. On adding 

water to the clear solution cuprous bromide is piccipitutcd. 

[CujBrel"" Cu:Brj + 1 Br" 

Copper ie not attacked by dilate suKaric arid, but i* 'li.^olvee it. bot ooneeatra.rd 
sulfuric acid, forming cupric sulfutc with cvoluti<in o mi ut io\ 

Cu + 2 H,S04 - CuSO. + 2 ILO + SO. T 

The behavior of copper toward acids can be understood b> * I 

motive series (p. 43) Since copper is bcl..w hydrogen ... - 

by hydrogen ions only when Uie conccntnition ^ j^nized comiilex is 

P. 40). Hydrobromic acid dissolves co|>pcr le . - power of the 

formed. Salfaric acid diasolves copper by v.rtae of tl.e ox.d.eiab po^ 

hcxavalent sulfur. . o f.a.ir ..vide-; ('u O. C’uO, 

According to statements in the literature, isolated are rcl 

Ca.O„ and CaO., bat the only ox,d« .-an l.c ul.taiard 

cuprous oxide. CujO, and black cupric oxide. Cu • .,1, .. . solution) witli an 

by heating an alkaline tartrate eolaUon of copp r U chh'^ ^ 

arsenite or with a reducing sugar, such as d glu ^ . hoatinc cupric 

deal in sugar analysis. Cuprous oxide. Cu.O. can also bo i, 

owde with copper or by reducing a bv lieating coPImt 

the presence of a base. Black cupric o^idc, ^ peroxide. CuO,. 

or its hydroxide, carbonate, sulfate, nitrate, etc., 

und copper sesquioxide. CuiOi, are of no euproas and cupric 

Both cuprous and cupric oxides are basic anhy . 
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salts. Salts of the cuprous series contain the bivalent cuprous group, Cuj'*^; those 
of the cupric series contain the simple, bivalent copper ion Cu'’"*’. 

Copper is also known in the trivalent condition.* If a nitric acid solution of 
tellurous acid is evaporated to dryness with a little copper nitrate and the residue 
is treated with KOH solution (1 : 5) it dissolves. If to the clear solution 4 to 6 g of 
(NH 4 )?S 04 are added, little by little, while the solution is at the temperature of 
the water bath, it becomes pink and the tellurium is present for the most part as 
telluric acid but to some extent as the potassium salt of teUuro-cupric acid: 

K[0 • Cu/®NTeO.) 


A, Cuprous Compounds 


The cuprous compounds are extremely unstable, being oxidized quickly to cupric 
comi)oimd.s. The best-known cuprous salts are those with the halogens, the thio- 
cyanate, the complex cyanides, the very unstable sulfate, and the sulfite. Cuprous 
suits are colorles.s, insoluble in water, but readily soluble in concentrated halogen 
acid.s, forming colorless solutions. Such solutions contain the unstable cuprous 
halogen acids, probably of the formula H4(Cu2X6l, in which “ X ” is either chlorine, 
bromine, or iodine. Salts are known which are derived from these acids, e.a.. 
K4[Cu,CU]. 

The cuprous halogen acids arc darkened by contact with air. The chloride becomes 
brownish bluok; the bromide, dark violet; probably owing to the formation of cupric 
salt.s of the eiiproib^ lialogetk acids. 

Ihe hch.avior of tlie cupnnis halogeti acids toward carbon monoxide is very im- 
portant; the carbon monoxide is readily absorbed, forming an unstable compound: 

II.( u:Cl4 + 2 C(.) -h 2 HjO CujCl, • 2 CO -2 HjO + 2 HCl 


Tlv boiling the solution the Cf)mi)ound is decomposed into cuprous chloride and 
curbt.n motjoxidc. C'lpiH.us chloii-ie is used in gas analysis for the absorption of this 


g!U« 


Hvaftlons in the Wet Way 

A s.dution of cuprous chh^rido in hydrochloric acid should l>e used, which may be 
prepared lollow.s: ].)is.-olve 2 g of cupric oxide in 2o ml of Cwiormal hydrochloric 
:icicl, pmii flu- soluti-.n into a flask. ;md add 1.0 g (,f copper filings. Place several 
coiipor spiral- m the ihi-k, <iiio end reaching up to its neck, stopper the fla.sk. invert it. 
and let .stand several days. The originally dark solution will gradually become 
eolorle.ss uiid i.s then ready to }.c u-cd for the ft, Mowing reactions: 

1. Hydrogen Sulfide [,rc''ifiitafcs blaek cuprous sulfide: 

Cur’ r H:.S ->2 ir + Cu.S 

soluble in warm dilute nitric acitl, fmining blue oui>ric nitrate, with .separation of 
sulfur: 

3 Cu;S + Ifi IIXO) -*-• S IIjO + 3 S + 0 Cu^^ + 12 Xflj" -j- -1 XO | 

2. Potassium Cyanide prcciiiitatcs white cuprous cyanide: 

(■uP+ 4- 2 (CN)“ Cu, CNb 


* Cf. Moser, Z. anorg Clum., 64, 110 (I'K}?), and Braunor .and Kuzma Dcr 1907 
3;u;2. ’ ■’ ' 
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soluble in excess, forming colorless complex cuprocyanide anions: 

Cuj(CN)i + 6 (CN)" ^ [CujfCX)*] 

This solution contains no appreciable quantity of cuprous ions, and gives no pre- 
cipitation with potassium hydroxide or hydrogen sulfide. It is estimated that in a 
normal potassium cyanide solution the ratio of the concentration of the complex 
anions to that of simple cuprous ions is about 10“ : 1. This fact is utilized in the 

separation of copper from cadmium. 

In the absence of an e.xccss of CN' ions, however, an appreciable ionization takes 

Dlace- ICu,(CN)d ^ Cu,++ + 8 CX“, and this ionization increases as the solu- 

dnuted. From the diluted solutions the compounds KdCu,(CN)J. 
K(Cui(CN),l, and finally Cuj(CN)2 are obtained, which are of less complex 

All these compounds, even in the solid state, arc decomposed by hydrogen sulfide 
with precipitation of black cuprous sulfide. Consequently, in order to prcm.l i/ie 
precipitation of copper by hydrogen sulfide^ con>iidirabk potassium cyantdc must be added, 

i. e., more than enough to form the salt ... e 

3. Potassium Hydroxide produces in the cold a yellow precipitate of cuprous 
hydroxide: Cu,- + 2 OH" - Cu^fOH)^ 

which loses water at the boiling temperature, changing to red cuprous oxide: 

Cuj(0H)j-^H,0 + CuiO 


B. Cupric Compounds 

Cupric salts arc either blue or green in aqueous solution; in the 

anhydrous state they are wliite or yellow. , , , . . 

The chloride, nitrate, sulfate, and acetate are soluble n. water; most 
of the remaining salts arc insoluble in water, but readdy soluble m 

acids. 

Reactions in the fPet Way 

A solution of copper sulfate should be used. 

1. Hydrogen Sulfide precipitates from neutral or and solutions, 
black cupric sulfide (possibly mixed with cuprous sulfide, Cu.S), which 
has a tendency to form a colloidal solution (p. 64) and run through the 

Cu++ + H,S - 2 H+ + CuS 


To prevent the formation of a colloidal aolution the solution must 3' 

electrolyte- the hydrochloric acid present when the precipitation is made is usual 
^uffident ’ An^thL dilT, cully frequently encountered is due to the readiness w 
which a part of the cupric sulfide precipitate « oxlised to su fate b, 
the air Thus if a filter containing copper sulfide is allowed to stand inJiejuLa 
Me cupnc s“,„te is formed which is «,lul,le in water. Many eases "1-0 Iw cupn 
sulfide apparently runs through tl.e lilter are explained in this ^ 

a copper sulfide precipitate llie rule slioulJ be never to lei the 

until the filtration and wasl.ing is over, nod tl.e washing sl.ould lie with acidulated 
hydrogen sulfide water, whicli serves to prevent any oxidation. 
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Copper siilfide is soluble in hot dilute nitric acid: 

3 CuS + 8 + 2 NOa* 3 Cu-^ + 2 NO T + 4 HjO + 3 S 

The sulfide is insoluble in boiling dilute sulfuric acid (difference from cadmium); it is 
soluble in potassium cyanide, forming potassium cuprocyanide; 

2 CuS + 9 CN' Cu,(CN)8 + CNS~ + S”* 

From a solution of the latter salt the copper cannot be precipitated by hydrogen 
sulfide. 

Copper sulfide is appreciably soluble in ammonium sulfide, but is insoluble in 
potassium or sodium sulfide* (difference from mercury). 

2. Acetylene gas introduced into an ammoniacal alkali tartrate solution, in 
which the copper has been reduced to the cuprous condition by hydroxylamine, 
gives a reddish brown, flocculent precipitate of cuprous acetylide, CiCu: • HjO. 
By this means copper ions can be separated from many other cations. 


3. Alkab Hydroxide produces in the cold a blue precipitate of cupric 
hydroxide, 

Cu++ + 2 OH‘ Cu(OH )2 

which on boiling becomes changed into brownish black cupric oxide. 

Cu(OII)j is slightly amphoteric in nature and dissolves in very concentrated 
KOII or NaOII, particularly on warming, with a blue color. (Cf. p. 239.) 

In the presence of tartaric acid, citric acid, and manj’ other organic hydrox)'- 
comp<.unr|s. cupric hydroxide is not precipitated by the addition of caustic alkali, 
but the solution is colored an intense blue. If this alkaline solution is treated with 
d-glurose, aldehydes, arsenious acid, or varif>us other substances having a reducing 
power, yellow cuprous hydroxide is precipitatwl from a warm solution and is changed 
to red cuprous oxide on boiling. An alkaline solution of cupric salt containing 
turtiutc IS commonly u.uxl under the name of Fehling’s solution. It mav be pre- 
pared by riiixiri'j b.gcther equal volumes of a solution containing 34.64 g of crystal- 
1..C, c.,i,p,.-sull;jt.> m .^(K) ml with a solution containing 173 g nochcllc salt and 52 g 
. .. )!I 111 ,jfM nd. It IS lK..st to the two .solutions apart until the reagent is to 
rninr.- ’ ' ’ ' ■'■olutiun is a reagent, fnr many sugai-s. aldehydes, hydroxyla- 

4. Alkali Carbonates give u greenish blue precipitate of basic carbonate; on 

standing with an excess of tl.e reagent the precipitation is nearly complete and a 

crystallme salt. 3 CuCOa ■ 3 CufOII), ■ 11,0. is formed. This precipitate dissolves 

in ammonia with a blue color and in potassium cyanide solution to form a colorless 
solution. 

Ammonium salts and certain organic substances form complex anions wth copper 
and prevent this reaction. 

5. Alkali Xanthates produce in solutions of cupric salts, at first, a brownish 
black precipitate of cupnc xantl.atc, which spUts off di.xanthogcn, forming finally 

* In solutions of alkali polysulfides, particularly out of contact with the air cupric 
sulfide dissolves appreciably with the formation of compounds of the tvoc NHdPnSJ 

and K(Cu.S,l. Cf. Hofmann and Hochtlcn, Bcr., 36, 3090 (1901), and BUtz and 
ibid,^ 40, 974 (1907). 
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yellow cuprous xanthate: 


S 

11 

2 NaS • C • OCoHi + Cu-^ 

Sodium xaoth&te 


s 

II 


s 

II 


2 Na+ + Cu(S • C • OCjH»)» 


2 Cu(S • C - OCjHi), - Cui(SCOC,Hs), -|- (SCOCjHOt 

Cuprou3 xanthalfi DixAuthogeD 

The reagent, sodium xanthate, is readily obtained by mixing carbon disulBde 
with sodium ethylate: 

S 

II 

CS, + NaOC.H* NaS • C • OCjH» 

The alkali xanthates are not used as reagents in testing for copper, but cupric 
salts are used in testing for xanthates. The reaction is used for the detection of 
carbon disulfide in gas mixtures; the gases are allowed to act upon sodium alco- 
holate, whereby sodium xanthate is formed if carbon disulfide is present, and the 
solution after neutralizing with acetic acid is tested for xanthate by means of a 
solution of cupric salt. 

6. Ammonia. — On adding ammonia cautiously to the solution of 
a cupric salt, a green, powdery precipitate of a ba.sic salt is obtained, 
which is extremely soluble in an excess of the reagent forming an azure- 
blue solution: 

2 CuSOi -b 2 NH 40 I 1 (NH 4 ):S 04 + Cuo(OH),SO^ 

Cu 2 ( 0 H) 2 S 04 + (NH4)2S04 + 6 NH 3 2 ([Cu(NH3)4lS04 • H^O) 

On adding alcohol to the concentrated blue .solution, the above compound is 
precipitated as blue-violet tetramminecupric sulfate, which gradually lose.s ammonia 
on being heated, leaving behind the cupric salt. On conducting ammonia gas over 
an anhydrous copper salt, the ammonia is eagerly absorbed, with the foimation of a 

complex cupric aminoma salt: CuCl? + 0 NIIj — * [C u(Nlh)(;K 

These compounds (which contain as a maximum 0 Mh to one atoni of copper) 
are perfectly analogous to the corresponding cumpounds of mcke . colialt, and zme, 
By the precipitation of the ammoniaca! solution witl. alcohol, the compound with 
4 NH| to one atom of copper is always obtained. 

The ionization of the complex cation: 

(Cu(NH,) 4]^+ ^ + 4 NHa T 

is slight in the presence of excess ammonia, but much more than that of the cupro- 
cyanide ion (p. 136). , , , • i* 

Ammonium oalu tend to prevent the precipitation of the haste oupne salt be- 
cause of the common-ion effect upon the ionisation of nmmonmn, hydroxide so 
that in adding ammonia to an acid solution of cupric salt often no 
obtained. The blue color of the complex is perceptible even at considerable dilution 
and is often used to ascertain the quantity of copper pre.scnt; the copper content is 
determined colorimetrically or by measuring the volume of standard potassium .\- 
anide solution required to decolorize the solution. Nickelous solutions give a less m- 
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tense blue color with ammonia, and in case of doubt whether any copper is present in 
solution, the potassium ferrocyanide test is decisive. 

/Vlkali hydroxide added to the blue, ammoniacal copper solution gives a blue 
precipitate of cupric hydroxide after some time. On boiling, all the copper can 
be precipitated as brownish black cupric oxide, CuO. A very dilute copper solution 
gives no noticeable blue color with ammonia; shaking with a few drops of phenol 
causes the blue color to appear on standing. 

7. Ammoniiim Mercurithiocyanate, {NH 4 )jHg{CNS)*, added to a solution 
containing both zinc and cupric ions, gives a deep violet crj-stalline precipitate of a 
complex thiocyanate of zinc, copper, and mercury. The test is reliable in the 
absence of ferric ions, nickel, and cobalt. 

To prepare the reagent, dissolve 8 g of IlgCl, and 9 g of NH^CNS in 100 ml of 
water. 

Place 1 drop of the acid solution to l>e tested on a spot plate, add 1 drop of 1 per 
cent zinc acetate solution and 1 drop of ammonium mercurithiocyanate reagent 
If 0.1 7 of copper IS present, a violet precipitate will be obtained. 

8. Ammomum Thioacetate completely precipitates copper sulfide from hot 
solutions, even in the jircsence of acid: 


C:HjOS~ + Cu+^ + HiO -• CuS + HCjHiOj + 

9 Benzidine i.s ea.sily oxidized to a blue, meriquinoidnl compound (cf. p. 113) 
and. n. >o,ne way, the oxidation takes place when a cupric salt is reduced to the 
cuprous -tato by idkali khIuIc, bromide, cyanide, and thiocyanate. FeigI is inclined 
to flunk that the liberated halogen is the ealuse of the oxidation 

Place sucr-cssively. on filter ,.aper, 1 drop of the solution to be tested, 1 drop of 
bcn/idme reagent, and 1 drop of saturated potassium liromide solution. If 06 v 
or m.ire of cpiier is present, a blue sjiot or ring is hunied. 

Im prepare the reagent, dissolve 1 g uf benzidine in 10 ml of acetoacetic ester, 
dilule the s<.|uti..n with 90 ml of water, shake well, and filter 

10 . o-Benzoinoxime (cupr..n\ CMU(’IIOII-C = XolI . C.IU, forms with copper 
a gnen eompom.d winch IS uisolublo in dilute ammonia. According to FeiglThe 
llv llieVtt ’>■ *•'« ^■‘'■nation of the secondary valences of copper (shown 

In tilt il. ttcd lines) ■■ kIi two phenyl gmuiis: 


f'dl 


rii_('_raL 

I II ; 

<> \() : 


\ 


Cu 


I'brc 1 <lrnp „f tl... >),„htl.v ai-i.l I„ ,osl,.<| f,|,„ p„p„, , ,, 

prc...nt a pL 

1... I- f r fi'rric i.,ns ami thiusiilfute eventually 

lianU lu the farmalioii .if feirinp salt and ll■trathu.nalo: ^ 

2 + 2 .f.Or- - . 2 Fe‘* + .t.O,- 

Ti,e roaetinn takes plaee i,. stages; fimt a deep violet cunplex anion |Fe(.S,0.),|- 
ts formed aln.ost mrmed.ately; i, is .p,„e stal.le and dceomposes very slowly! 

lFe(S/ >,).]“ -h Pc+++ 2 Fe"-*- + 8iOr“ 

The presenee of cupric ions catalyzes this second reaction and the violet color fades 
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much more rapidly than when copper is absent. If the reaction also takes place in 
the presence of thiocyanate anions, which form a red complex with Fe"+-^ and con- 
sequently retard the second stage of the reaction, then, by measuring the time 
required for complete decolorization, it is possible to detect the presence of as little 

as 0.02 y of copper. , , , , * 

Procedure. — Place, in adjacent cavities on a spot plate, a drop of the solution to 

be tested and a drop of distiUed water. Add to each. 1 drop of reagent prepared by 

dissolving 1.5 g of ferric chloride and 2 g of potassium thiocyanate in 100 ml of water. 

Finally add to each 3 drops of 0.1 N sodium thiosulfate solution. The color of the 

blank tect wiU disappear in 1.5 to 2 minutes but if 1 7 of copper is present, the color 

will disappear almost instantly. . 

12. Cupferron added to an aeid solution of a cupne salt precip.tates the eoppor 

salt of phenylnitroBohydroxylamine, 

2 [CoHi(NO)NOr + Cu-*-*- CulCcHi(NO)NOl 2 

which dissolves in ammonia giving a blue solution. . , 

13. Dithizone (cf. p. 102) gives a yellowish brown precipitate of 

C/ I ,0 in neutral or ammoniacal solutions and in solutions con- 

V L/U/ 2 

\N * NCeHft of the noble metals and mercury, the 

taming ammonium salts. In the absence oi me 

test OM be obtained .vith 0.1 t of cap,«r because the copper has a greater tendency 

X ‘a'tiot^ttebe r ! r,I:>'o -.ntl or slightly aormooiacal solution to be 
tes^ with itop of a solution of 1-2 tog of di.hisone in 100 tni of -rbon teteae h^e 
Stepper the tube and shake vigorou-sly. If 0.03 y of copper is present, the green 
color of the reagent will become yellowish broun. jirid 

14. Hydrorubramc Ac.d, Pate of cuprie hydrorul.ianate, 

solutions containmg copper salt, a black [irccii i 

C — C 

HN^ S S^NH. The precipitation docs not take place in potassium t\nnide 

Cu 

solutions. Otbalt and nickel o:,"!!:.:'" aL 

the copper teat is so sensitive that it imh U ^ 

“hL 1 drop of the carefnlly -'f ‘“V' M 1 

bold in the tum« of an wilf, a.s little as O.OOti y of eop.x r. 

the reagent m alcohol. ^‘‘c testh.u> ,,...,,arcd by introducing dry cyanogen 

The reagent, a red crystalline ‘ j hydrogen suHido into alcohol, 

(from copper sulfate and an e.seess " te After introduring 

Yellow (CN . CS . Nil.) - sulfide, the red tCSNH.). 

“ ^"soSLTof a Lpper salt precipitates red, tnetallie eo, 

Cu^'*’ + Fe -» Fe'*^'*' + Cu 
other metals, such as sine, aluminum, etc., which are above copper in the voltage 


copper: 
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using a strip of platinum foU in contact with zinc, tin, aluminum, etc. In this case 
an electric couple is formed and the platinum acts as cathode while the other metal, 
as anode, dissolves. 

16. Phosphomolybdic Acid gives "molybdenum blue” with potassium cupro> 
cyanide solution. Molybdenum blue is a mixture of molybdenum in different states 
of oxidation below the valence of six. The molybdenum in phosphomolybdic acid, 
HjMoizPOio, is more reactive than that in molybdic acid. 

Prepare the reagent by adding ammonium phosphomolybdate (obtained by 
precipitating alkali phosphate solution with an excess of ammonium molybdate in 
the presence of hot, dilute nitric acid) to hot aqua regia. Evaporate the solution to 
drj’ness on the water bath, take up the residue in water, and recr 3 'stalli 2 e twice. 
Keep the dry product in brown bottles. As reagent use a 1 per cent solution in w’ater. 

Procedure. — Place in succession upon filter paper 1 drop of the solution to be 
tested, 1 drop of 1 per cent KCN solution, 1 drop of the phosphomolybdic acid solu- 
tion, and 1 drop of dilute hydrochloric acid. If the solution contains 1.3 y of copper 
a blue coloration will be obtained. The test is less sensitive when large quantities 
of other ions are present but will be given by 4.0 y of copper when 300 times as much 
mercury, 300 times us much lead, 120 times as much bismuth, and 280 times as much 
cadmium is present. Too much nitric acid is harmful. 

17. Potassium Bromide solution mixed with concentrated sulfuric acid, and, 
when cold, covered witli a little copper salt solution gives a beautiful bluish red color 
at the zone of contact of the two solutions. On shaking, the whole solution becomes 
red. According to Sabatier, the coloration is caused by the formation of 

CuBr* • HBr • 2 H,0 


\\ lien considerable copper is present, a black precipitate of copper bromide is 
obtained. Dilution with water causes the color to di.«appear. Stannous ions pre- 
vent Uic renction by rciluctinn of the cupric ions. If sulfur dioxide is added to the 
diiik hluisii red solutmii, a white precipitate of cuprous bromide is obtained. 


18 Potassium Cyanide produces, at first, yellow cupric cyanide, 
w iicli V aufdmtely loses dicyaiiogen, forming white cuprous cyanide. 

Jhe h\ er, a.s we have already seen, forms soluble potassium cupro- 
cyauK . wifli more j>ota5i.sium cyanide: 


2 + 4 CN“ 2 Cu(CN)2 

2 Cu(CN), -> (CN )2 I + Cu 2 (CN )2 

Cu,(CN)2 + G (CN)- -> [Cu2(CN)8] 

On adding suflici.mt pot:u..ium cyanide to a blue ammoniacal cupric solution the 
complex compunnd will be decolorized, forming potassium cuproevanide, and' the 
reduction of the cupric salt to cuprous condition in nmmoniacai solution is ac- 
curnpli-shed at the e.xpeiise of cyanide ions which are o.vidized to cyanate- 

2[Cu(NTL)d- -b 0 (CX)- + 2 OH - ^ [Cu.(aV).]--- + (CXO)- + 

The ratio simple Cu| ions to complex (Cu,(CX)g] ions ha.s been estimated 

IlydicRcn .sulfKlc will not precipitate cupric sulfide from the colorless solution of 
potass, urn cuproey,m.do provided sufficient potassium cyanide is present (difference 
from cadiumm). .Sometimes, when considerable copper salt is present, the intro- 
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auction of HjS causes the formation of a red crystalline precipitate of hydrorubianic 
acid, {CSNHj) 2 . (a. p. 135.) 


19. Potassium Ferrocyanide, KifFeCCNlsl, produces in neutral and 

acid solutions an amorphous precipitate of reddish brown cupric ferro- 
cyanide, ^ [Fe(CN)6l— ^ Cuj[Fe(CN)fl] 

insoluble in dilute acids, but soluble in ammonia with a blue color 
(difference from molybdenum ferrocyanide which dissolves in ammonia, 
forming a yellow solution). It is also decompt^ed by potassium 
hydroxide: in the cold, light-blue cupric hydroxide and potassium 
ferrocyanide are formed; on warming, black cupric oxide is obtained 
(difference from uranium, which yields the yeUow uranate with both 

ammonia and sodium or potassium hydroxide). 

20. Potassium Iodide precipitates white cuprous iodide but, owing 
to the color of the liberated iodine, the precipitate usually appears 
pink, green, or reddish yellow: 

2 Cu"^ + 4 I — * Cu-jla + In 

In the presence of a reducing agent, no free iodine is obtained. In quantitative 
analysis the copper content is determined by measuring the volume of sodium thio- 
sulfate solution required to react with the iodine. 

I, -H 2 SjO,”“ -» S406'" -I- 2 I" 

The cuprous iodide precipiUte dissolves in an excess of the reagent. Potassium 
iodide added to a dilute solution of a cupric salt merely gives a yellow coloration due 

to the liberated iodine. 

21. Potassium Thiocyanate, KCNS, precipitates black cupric thio- 
cyanate: ^ ^,^(CNS). 

which gradually changes into white cuprous thiocyanate, or immedi- 
ately on adding sulfurous acid: 

2Cu(CNS)2-bS03"“ + H20-»2CNS‘ + SOr" + 2 H+ -|- Cu3(CNS)2 

Cuprous thiocyanate is insoluble in water, dilute hydrochloric acid, 
and dilute sulfuric acid. 

22. SaUcylaldoxime. C,H,0,N, in acetic acid solutions cupric ions a 

light, greenish yellow precipitate of a complex salt, CufCilUO^NK. Palladuitn 
gives a similar precipitate, and gold solutions arc reduced to metal by the reagent. 
These appear to be the only elementa that interfere. 

CII-NOII /\\ 

\OH 




\/ 
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Place a drop of the copper solution, which has been neutralized and then made 
acid with acetic acidj in a tiny test tube and add 1 drop of the reagent. If 0.5 y 

of copper is present there will be opalescence, and with more copper a pale ereen 
precipitate will form. 

To prepare the reagent, dissolve 1 g of saUcylaldoxime in 5 ml of alcohol and add 
the solution dropwise to 95 ml of water at 30". Shake until the oily suspension 
almost disappears, and then filter. 

23. Sodium Thiosulfate decolorizes a neutral or acid solution of a copper salt, and, 

on boUing the acid solution, a reddish brown precipitate is formed which eventuallv 
becomes black cuprous sulfide: 

2 Cu-^ + 2 S.Or- + 2 HsO Cu:S + 4 + 2 SO 4 ” + S 

Reactions in the Dry JFay 

The borax bead or salt of phosphorus bead is green in the oxidizing 
flame when strongly saturated with the copper salt; blue if containing 
only a small amount. The reducing flame decolorizes the bead unless 
too much copper is present; in such a case it is reddish brown and 
opaque, owing to the separation of copper. Traces of copper may be 
c eteraimed with certainty as follows; To the slightly bluish bead pro- 
diieod by he oxidizing flame, add a trace of tin or of a tin compound. 
Heat tlie bead in tlie oxidizing flame until the tin has completely dis- 
solved, then bring it slowly into the reducing flame and finaUy quickly 
icmove It. The bead now appears colorless when hot, but ruby-red 
and transparent when cold. If, however, the bead is kept too long in 
the reducing flame, it remains colorless; but the ruby-red color may be 

I.rndi.ccd by caiitiniis oxidation. This reaction is very sensitive, and 
can also ho us(*(l for the detection of tin. 

Ilea, -d with cl, areal before tlie lilowpipe (or better still with the 
clmicdal stu lO. spiuigy metal is obtained. 

,.hi ^^^oistening with hydro- 

thluiK and lacivuses the sensitiveness of this test. 

Cadmium. Cd. At. Wt 112.41, At. No. 48 

Uen^ity S.t>. M. I*. ;j2r. !i. p. about 766" 

Properties. fhe elonicnt, di.siovorcil by dtromever in l«il 7 a • 
from the Greek word Kadmia = c irth It i- ^ m 1S17. derives its name 

little hinder Hum lin or zinc mul more tennciL ih'i I I rT'n‘ “ 

ilurlile. Bending the met;d caike.^ it tn .vivo malleable and %'eiy 

^c^latile above 300^ an.l in preparing 
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to boil off both cadmium and zinc. It forms useful alloys with low melting points, 
and its sulfide is used in yellow paint. About 3.000,000 pounds of the metal are pro- 
duced annually. 

Cadmium forms but one important oxide, the brownish yellow CdO, which can 
be obtained by burning the metal in air or by heating the hydroxide, carbonate, 
nitrate, oxalate, etc. Black cadmium suboxide has been described; it is said to be 
formed in small quantities when the metal is burned in the air or when cadmium 
oxalate is heated carefully out of contact with air, but its existence has been ques- 
tioned, and there are no salts derived from it. Cadmium forms but one series of 
salts, and in them the cadmium is bivalent. The best soleent Jot cadmium is nitric 
acid. Dilute hydrochloric and sulfuric acids dissolve it slowly with liberation of 
hydrogen. 

The most important commercial salt is the sulfate, 3 CdSO^ ■ 8 IIjO. It is not 
easily recrystallized. To purify the salt, the concentrated aqueous solution is 
treated with alcohol, and the crj-stals that are deposited thereby are filtered, washed 
with alcohol, and dried upon blotting paper. 

Cadmium salts arc mostly colorless, th»>ugh the sulfide is yellow or orange. Most 
of the salts are insoluble in water, but readily soluble in mineral acids. The chloride, 
nitrate, and sulfate are soluble in water. 


Reactions in the JT'et Way 

1. Hydrogen Sulfide produces precipitates varying in color from 
a canary-yellow, orange to almost brown, according to the con- 
ditions. 

In neutral solution, whether hot or cold, light-yellow cadmium sulfide is obtained 
in a condition hard to filter, l-'rom acid solutions (containing in 100 ml from 2 to 
10 ml of concentrated H*vSO,, or from 2 to 5 ml of concentrated IICl) yellow pre- 
cipitates which turn urunge in color arc at once thrown down and are easy to filter. 
These precipiUites arc not pure CdS, but always contain more or less Cd^CbS or 
CddSOdS. For this reason cadmium should not be determined quantitatively as 
the sulfide. 

Cadmium sulfide is insoluble in alkaline sulfides (difference from arsenic), but is 
soluble in con.siderable hydrochloric acid, warm dilute nitric acid, and hot dilute 
sulfuric acid (difforonce from copper). It is also insoluble in potassium cyanide 
solution (difference from copper). 

2. Alkali and Ammonium Carbonates precipitate tlie white ba.sic 
carbonate iasoluble in excess. Ammonium salts tend to prevent tiie 
precipitation but, on boiling, ammonia gas is evolved and tlie precipita- 
tion is complete. The precipitate dksolves in potas.sium cyanide solu- 
tion. 

3. Alkali Hydroxide precipitates white, amorphous cadmium hy- 
droxide, insoluble in an excess of the reagent (difference from zinc 
and lead): 

Cd^-^ + 2 Oir Cd(OH )2 

On gently igniting the hydroxide the brown oxide is obtained, which 
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becomes darker on stronger ignition. The ignition of cadmium nitrate 
yields the black crystalline oxide. 

4. Ammonia precipitates the white hydroxide, soluble in excess 
(difference from lead), forming complex tetramminecadmium com- 
pounds, as with zinc, nickel, etc. 

Cd(OH)2 + 4 NHa -> {Cd(NH3)4]++ + 2 (OH)' 

In the presence of normal ammonium hydroxide the ratio of the 
concentration of the complex anion to that of the simple cadmium 
cation is about 10^ : 1. In pime water, the ionization takes place to 
a much greater extent; by diluting with water and boiling, cadmium 
hydroxide is repreeipitated from the solution of the tetramminecadmium 
compound. 

5. Ammonium Perchlorate gives a crystalline precipitate of cad- 
mium perclilorate, Cd(CI 04 ) 2 . (Difference from copper.) 

6. Ammonium Sulfide produces a yellow precipitate of cadmium 
sulfide, which has a tendency to form colloidal solutions and pass through 
the filti'r. The presence of a concentrated salt solution prevents this 
(of. p. 131). 


7. />-Dimtrodiphenylcarbazide, imparts to freshly 

r;i«linium hydroxide a bro\\n coloration which on standing becomes 
greohish blue. The color is due to adsorption. 

Place 1 drop of the acid, neutral, or atnmouiacal .solution on a spot plate; add 1 
drop of 10 i)or cent .sodium hydroxide solution, 1 drop of 10 per cent potassium 
cyauiile solution an<! 2 dru{»s of 40 per cent formaldehyde solution. If 0,8 7 of 
cadiiiiuin is present, a bluisli green coloration is obtained and precipitation takes 
place with more cadmium. The reagent is red in alkaline solution, but the addition of 
formaldehyde changes the color to violet. In testing for small quantities of cad- 
mitiiii, therefore, tlie lest .should be compared with the color formed in a blank test 
u itli pure water. If much copper is present it is necessary to add 3 drops of the 
put:issiuin cyanide .solution and then it requires 4 y of cadmium to give the test. 

S. Diphenylcarbazide produces, in neutral or weakly acid solutions which are 
bulTcred with alkali acetate a rediUsh violet precipitate. The reagent diphenyl- 


i'urbazide. 


or 


/Nil • MICVH 
'' XH • NTICai 



is by no means specific for cadmium, but the 


fc>t for l•;uhnium can be made in the presence of moderate quantities of copper, lead, 
.Uid morcurv. 


Prepare a saturated solution of diphenylcarbazide in 90 per cent alcohol, saturate 
this with solid pot:issium thiocyanate, and .add acrystal of potassium iodide. Moisten 
some filter paper with the above reagent and dry it. Place on it a drop of the solu- 
tion to be tested and hold over the fumes of an open ammonia bottle for 1-2 min- 
utes. A bluish violet coloration shows the presence of cadmium. The addition 
of the thiocyanate and the pot.'issium iodide is to prevent interference of copper, 
lead, and mercury. If these salts are omitted, the test is given with 4 7 of cadmium; 
otherwise, with S 7. 



AESENIC 


141 


9. Metals, like iron, tin, zinc, etc., do not precipitate cadmium 
from acid solutions. (Difference from copper.) Zinc precipitates 

cadmium readily from neutral solutions (see p. 36). 

10. Potassium Cyanide precipitates white, amorphous cadmium 

cyanide, readily soluble in excess: 

Cd++ + 2(CN)'^Cd(CN)2 

Cd(CN)2 + 2 (CN)" [Cd(CN)4l" 

From the solution of cadmium potassium cyanide some of the above- 
mentioned reagents produce no precipitation. In a normal solution of 
potassium cyanide the concentration of the complex anion to that of 
the simple cadmium cation is 10'^ : 1. This is evidently a much weaker 
complex than the cuprocyanide anion, and for this reason cadmium 
sulBde, though its solubility product is mucli larger than that of cupric 
sulfide, is precipitated by hydrogen sulfide (difference from copper). 

[Cd(CN)4]‘" 4- H;S 2 CN' + 2 HCN + CdS 

11. Potassium Ferrocyanide gives a wl)ite precipitate. (Cf. zine.) 

12. Potassium Thiocyanate has no effect upon cadmium solutions. 

(Difference from copper. ) 

Iteaceions m the Dry ff'ay 

Cadmium compounds, heated on cliarcoal with soda, give a brown 
incrustation of cadmium oxid(*. 

If a compound of cadmium oxide is reduced in tlie upper reducing 
flame of the Bumsen burner, tlic cadmium oxide is changed to metal, 
which volatilizes, and, in the upper oxidizing flame, goes back to oxide, 
which will be deposited as a brown coating if a glazed porcelain dish 
filled with water is held just above the flame. This oxide always con- 
tains some sulwxide mi.xcd with it, and has the property of reducing 
silver oxide to metal; so that if the coating of oxide is moistened with 
silver nitrate solution a black deposit of metallic silver will be obtained: 

CdjO + 2 Ag+ -> Cd++ + CdO + 2 Ag 

This reaction is very sensitive. If it is desired to test the precipitate 
produced by hydrogen sulfide for cadmium in this way, firet roast the 
sample in the oxidizing flame and then treat it as just described. 

Arsenic, As. At. Wt. 74.91, At. No. 33 

Density 5.7 as metal, yellow 2.0, uniorphoas 3.69 
M. P. 817-18'’ at 35.8 atra. B. P. about 610“ 

Occurrence. — Arsenic is widely distributed in nature, being found in small amounts 
in almost all sulfides, as, for example, sphalerite and pyrites: therefore almost all 
the zinc and sulfuric acid of commerce contain ai'senic. 
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Properlies. — Arsenic occurs native in kidney-shaped masses; also in the' form of 
its dimorphous oxide, AsjOj, as isometric arsenolite, and monoclinic claudetite. 
Mimetite, Pb 5 (As 04 ) 3 Cl, hexagonal, isomorphous wth apatite, pyromorphite, and 
vanadinite, is a well-known mineral containing arsenic oxide. The most important 
sources of arsenic are the sulfides, arsenides, and thio-salts: realgar, AsjSj, mono- 
clinic; orpiment, AsjSj, monoclinic; arsenopj-rite, FeAsS, orthorhombic; niccoUte, 
Ni.As, hexagonal; lolUngite, FevVsj, orthorhombic; smaltite, (Co,Ni,Fe,)Asj, iso- 
metric; and proustite, AsfS.\g)j, rhombohedral. 

Arsenic, which w:is discovered by Schroeder in 1694 and owes its name to the 
Greek word arscnikos = male, exists in four allotropic forms — metallic, gray, 
yellow, and brown. When heated in the air, white arsenic trioxide, AsiOz, is formed. 
When the metal burns, a strong garlic-like odor prevails which is not noticed when 
pure arsenic trioxide is sublimed. The vapors are poisonous. In its ph 3 ’sical prop- 
erties arsenic appears to be metallic, but it does not react with the acids containing 
oxygen so that it is classed with the non-metals. Like phosphorus, the stable arsenic 
molecule contains four atoms. In tliis family of the periodic system, the first mem- 
bers, nitrogen and phosphorus, show no basic properties. The lowest members, 
antimony and bi.^muth, are distinctly mot.'illic, and their trivalent oxides are dis- 
tinctly basic. Ai'scnic, therefore, is the intermediate member of the group. 

.Vrsenic is insoluble in water but is attacked by drj' lluorine, chlorine, and bromine, 
forniing compounds of trivalent arsenic. In the presence of water, chlorine and 
bromine oxidize it fir.<t to arsenioas and then to arsenic acid: 

As, f 10 Cl. -t- 16 11:0 -» 4 n,.\sO, -|- 20 HCl 

It combines willi sulfur to form As-S-. .48:^3, and As:S 5 . It is unattacked by con- 
centrated hydrocliloiic acnl at room temperature but is shnvly oxidized by the hot 
ncid to form first ar.scnic lrif)xiclc ami (hen arsenic trichhiride; 

As, -H (MCI) -f- 6 11:0 — 2 As:0: -|- 6 II: T 
As:Oj -!- 6 nci 2 .AsCb + 3 II.O 


Dilute nitric arid dissolve- srsenic, forming arsenious acid: 

As. 4 - llN'Oj 4. 4 n,() .1 ll,AsOj -b 4 NO T 

Com'cntrated nilr! «! ami a<iua icgia di.<s<ilvc it, forming arsenic acid: 

As, -b 20 H.NO: ■ 1 II:AsO| -b 20 XQ. I -b 4 H.O 
Sxiium h.vpoclilorite solution also <li'.-;<ilves arsenic: 

10 XaClO -b As, i *•- HjO -* 4 Ils.AsO, -b 10 NaCl 


(’old, (iiluto sulfuri<' acid is without action, but with hoi, concentrated sulfuric acid, 
arsciiio e oxid,* and sulfur dioxi<ic an- foriucd: 


ASi -b !!:>' », - 

\r.«ciiic f'lrins two oxides, As.t'a 
oxid‘‘ 1 • .\-- it but it is eu>toin:it \ 


•2 As.Dj -b 6 SO: T + 6 11:0 

and .\s.O.,. In reality the formula of the lower 
to M-e the simpler loriintla, .-\SiOj. 


. 1 . irsrniiitts Compounds 

.Visciiic trioxidc i.s formed lo' tic <'onibustion of arsenic in the air a.s wliite, glisten- 
ing crystals of regular oetahedron.s. If the vapors of the trioxide are allowed to cool 
tin 3 'Olidif\ t^t an aniurjtlious glass (arsenic glass), which gradually be- 
cotiies cry.stuHitio (white atul o(ia,jtie, like porcelain). 
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Arsenic trioxide is known in three different modifications: isometric arsenic tnoxide 
(white arsenic), monoclinic arsenic trioxide, and amorphous, glassy arsenic tnoxide. 

The monoclinic modification is difficultly soluble in water (SO ml of cold water 
dissolve 1 g AssOj); the amorphous, glassy modification is much more soluble 
(25 ml of cold water dissolve 1 g arsenic trioxide). The ordinary modification (white 
amenic) is not readily wet by water; it floats like flour, and this behavior is very 

ch&r&c^Gristic* 

The trioxide dissolves quite readily in hydrochloric acid, particularly on warming, 
from which solution it often separates out, on cooling, in a beautiful, crjstaUme, 

Acting as an acid anhydride it dissolves readily in alkalies, forming easily soluble 
arsemtes: ^ ^ ^ ^ 

As,0, + 3 cor" — 3 COj T +2 AsOi 

The trimetal arsenites derived from the ortho-acid H^sOa are m^ally unstable. 
Silver areenite, AgaAsOi, is the only well-known salt of this type. The alkali ai^e- 
nites are derived from metarsenious acid HAsO., from pyroarsen.ous acid H*As,0,. 
or from a polyamenious acid such as HeAsA- The only salts of sodium and pot^* 
slum known are of the types KAsO, and K.IIiAsA; oUmmonium. (NH,)<.\s.O,. 
In alkaline solution, however, we may assume that MO, ions are present • 

Free arsenious acid, H,AsO,. has never been isolated; us a very weak acid it breaks 

down, like carbonic acid, into water and the anhydride. , . 

Arsenic combines with chlorine directly, like phosphorus, forming the cUor^e, 
AsCl„ which behaves exactly like the chloride of arsenious acid similar to PCI,. 
It is a colorless liquid, boiling at 134“ C. and is decomposed quantitativclj, like aU 

acid chlorides, with water: 

.\sCl, + 3 11,0 3 llCl + II,AsO, 

The aqueous solution of arsenic trichloride and the solution of the trioxide in 
dilute hydrochloric acid contain tlic arsenic as arsenious acid As he cunccntratio i 
of the hydrochloric acid increases, the uinount of arsenic trichloride increases, until 
in very concentrated l.ydrocliloric acid tl.c arsenic is prosei.t almost “ 

trichloride. By boiling a solution of arsenic trichloride in hydroch one a id, ais 
trichloride is driven off as a gas. If liydrocliloric acid ,» conducted into the solution 
at the same time (so that the concentration of llie hydrochloric acid is kept a.s large 
as possible), all the arsenic can be volatilised from the solution as aisci.ious cl lorid u 
On evaporating a hydrochloric acid solution of arsenious acid aiscnious chlor do 
constantly escapes, so that all the arsenic may be volatilized. If, howceer, tl 
aiaenie la preseaUa the form of arsenic acid, no arsenic is lost during the evaporation 

of the solution. 


Reactions in the Wet If ay 

The arsenites of the alkalies are soluble in water; the remaining 

arsenites are insoluble in water, but soluble in aeids. 

1. Hydrogen Sulfide precipitates from acid solutions yellow, tioccu- 
lent arsenic tiisulfide: 

2 HjAsOa -b 3 H 2 S 6 HjO + As^Ss 

2 AsCls + 3 HaS 6 HCl + As^Ss 
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Arsenious sulfide is insoluble in acids; even boiling 6-normal hydro- 
chloric acid does not dissolve it, but by long boiling with 12-normal 
hydrochloric acid it is slowly changed to volatile AsCla and HoS. Con- 
centrated nitric acid oxidizes it to arsenic acid and sulfuric acid: 

AS2S3 + 28 HNO3 ^ 3 H2SO4 + 28 NO2 T + 2 H3ASO4 + 8 H2O 

The sulfide dissolves more readily in ammoniacal hydrogen peroxide: 

AS2S3 + 14 H0O2 -I- 12 OH" 20 H2O + 3 SOr" + 2 AsO^""' 

It is also dissolved by alkalies, ammonium carbonate, and alkali 
sulfides: 

AS3S3 + 6 OH" — »■ 3 H2O + AsOa + AsSa 
AsoSa 3 CO3 — * 3 CO2 I AsOa "b AsSs 

As2S3 + 3S""->2AsS3"'" 

Just as the anhydride, AsjOj, can be referred to the acid, HjAsOa, so the thio- 
anhydride, AsjSj, can be referred to the thioarsenious acid, Hj^VsSj, which is not 
capable of existence in the free state, but is known in the form of its salts. If one 
of the latter salts is acidified, then thioai-senious acid is set free; but it immediately 
loses U2S, forming the insoluble thioanhydride : 

2 AsS, + C 3 HiS + AsjS, 

On treating a mixture of thioarsenite and arsenite with acid, arsenic trisulfide is 
ali^o precipitated: 

AsO,-— -f ,VsS3 + 6 H-*- -*3 n,0 + As:Ss 

In this last case precipitation is (luantitative only when the solution is dilute; 
from a conccntinted solution If ..S escapes, st) that more lIjS must be conducted into 
the solutiim in order to precipitate all the ar.^enic. 

Boiling a soluti<in of arsenite and thioarsenite with bismuth hydroxide, carbonate 
or nitrate, etc., re.sulls in the formation of black bismuth sulfide: 

As-Si + 2 BifOH), -> BijSj + AsOi + 3 lIjO 

\N'ith cupric oxide, or a soluble cop{>er salt, black cuprous sulfide is formed and the 
arsenic i.s oxidized to arsenate: 

5 CuO + .AsSj + AsOj ^ 2 CujS +2 AsOt + CuS 

Tills property of forming t bio-salts accounts for the fact that hydro- 
gen sulfide produces no precipitation from normal arsenites, and only 
a partial precipitation of As^Ss, from mono- and dirnctallic salts: 

AsOs""" -b 3 H 2 S 3 HoO -b AsSa""" 

0 HiVsOa"" + 15 ITS -> 18 H 2 O -b AS 2 S 3 -b 4 AsSj""" 

3 H 2 ASO 3 "b 6 HoS — ► 9 HoO + As-jSa -b AsSj 

Consequently, in order to precipitate arsenic completely as tri- 
sulfide, it is always necessary tliat the solution siiould contain enough 
free acid to prevent the formation of soluble thio-salts. 
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Igniting arsenic trisulfide with sodium carbonate and nitrate causes the formation 
of sulfate and arsenate : 

5 AsiS) + 16 NaiCOa + 28 NaNOj 10 Naj-^sO* + 15 XajSO, + 1C CO* | + 14 N, t 

Heating in a stream of chlorine results in the volatilization of arsenic trichloride. 
The same reaction takes place when the sulfide is heated in a tube in a current of 
air with a mixture of five parU ammonium chloride and one of ammonium nitrate. 

2. Ammomum Thioacetate added to a hot, acid solution of an arse- 
nite produces complete precipitation of arsenic trisulfide: 

3 C 2 H 3 OS' + 2 As03~~~ + 9 3 HC 2 H 3 O.: + AsoSj + 3 H 2 O 

3 Cupric Sulfate docs not precipitate the arsenic from an aqueous 
solution of arsenious acid; the addition of a little alkali hydroxide 
causes the formation of yellowish green cupric arsemte, which is soluble 
in an excess of caustic alkali forming a blue solution, but on boiling 
red cuprous oxide is precipitated. This is a sensitive reaction for dis- 
tinguishing arsenious from quinquevalent arsenic compounds, although 
it must be remembered that many organic reducing agents precipitate 

cuprous oxide under similar eondition.s. , . , . -j- j 

4. Iodine Solution is decolorized by arsenious acid, which is oxidized 

to arsenic acid: 

H,.\sor + I: + H,0 2 ir + 2 1- + H:.\sOr 

To make the reaction take place quantitatively in the direction left to right it ia 
neceasarv to keep the solution neutral; to make the react, on take place n'ta" itut.vely 
in the direction right to left it is necessary to odd a ronsKlcrahlc « 

ions. This is in strict accord with the m,uss-act.o„ princpie, I his 
l«u explained hy tutsun.iug that free hydriudic aetd ts a Wtor ^ \ 

iodide in, at, but it is more probable that the elTeet of the acd upon the stah.hty of ti e 
arsenic compounds is mure important. la alkahuc sulutio.is the arsenics m,rc 
stable in thrUgher state of oxidation, and, for tins renson, the ansente solnt.ons 

have strong reducing powers in neutral or alkahne 

amphotcrie and forn«, as we have seen, a trichloride and tnsulhde. > 

of an excess of hydrogen ions from some other source, ansemom ac d will “ 

appreciably as an acid nnd the tendency will be to form As*- “ 7;. 

anienie acid is also amphoteric, though to a much less extent. 

solutions, the ionisation of the arsenic acid is somewhat 

tendency to form As-*- cations, but these arc far less stable than As caliuns 

and therefore in strongly acid solutions an arsenate acts as a vigorous oxidizing agent. 

The explanation is in line with the results obtained in the study of reduction po- 
tentiaU W. p. 46). The addition of acid decidedly increimes the oxtd, zing power 

of arsenic acid, but slightly diminishes the reduction power of an iodide^ 

To keen the solution neutral when it is desired to oxidize an arsemte by means of 

iodine, it is not advisable to use caustic alkali solution, ^ ^ '‘’“‘j."'" “ 

iodine, forming iodide and hypoiodite. Sodium bicarlnniate is generaUy used. 

HCOr + H-*- -► IIjO + CO: t 

Equally satisfactory is sodium phosphate, which forms with hydrogen ions the very 
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slightly ionized HzPOh' ions. A normal alkali carbonate can be used if the solution 
is saturated with carbonic acid; there are then not enough OH” ions formed by the 
hydrolysis of the normal carbonate to react with the iodine. 

5. Magnesium Chloride produces no precipitation in dilute arsenite 
solutions in the presence of ammonia and ammonium chloride (differ- 
ence from arsenic acid). 

6. Potassium Iodide added to a hot, acid solution forms red arsenious 
iodide: 

AsOa""" + 6 H+ + 3 I‘ Asia + 3 H.O 
In concentrated solution, a red precipitate is obtained. 


Often, in quantitative analysis, an arsenate is reduced to arsenite by treating the 
acid solution with a moderate exce-ss of potassium iodide: 

AsO, + 2 r + 2 H+ -» AsOj + H:0 + I, 

This causes the liberation of red iodine and, if this is boiled off, the color of arsenic 
tri-ioflide appears when the solution is concentrated. In fact, it is difficult to tell 
when the iodine is all gone and practically impossible to distil off the last traces of 
iodine without losing some arsenic iodide. 


7. Sodium Thiosulfate also causes complete precipitation of the 
ar.sonic: 

3 S.Oa” + 2 AsO,— + 6 H+-> As^Sj + 3 + 3 HoO 


S. Silver Nitrate produces in neutral solutions of arsenites a yellow 
precipitate of silver ortlioar.senitc (difference from arsenic acid): 

+ 3 — ► AgaAsOs 

soluble in nitrie acid and ammonia: 

AgjAsO, 4- 3 11+ — > 3 Ag+ -}- H3ASO3 

Ag,As03 + fi XH3 3 Ag(XH3)2+ + .\s03^ 


Tlie first ipa<-tinn is caused by the formation of non-ionized arsenious acid, which, 
in the pn-.-ence uf an excess of H' ioris, furnishes even less .-\sOj ions than are 
formed bv the ver.\- slightly .soluble Agj.AsOj in contact with water. The solu- 
ill aminotiia is due to the fact that the l.VgfXHjid* ion in the presence of 
an excess of Xfl-. lurnishcs fewer .<iruplc cations than .Agj.AsOj in contact with 

WlltfT- 

In :iqui<iU' .solutions of the mono- and dimctallic salts the precipitation is in- 
complete; 

3 lOI.AsO. + 3 AgXO, 3 KXO 3 
ll:.\s07 


• 2 Hj.AsOi + AgjAsO; 
3 Ag-^ fLi Ag-AsO, + 2 


111 Ollier to make the precipitation qtiantitativc, a ba.<e fpreferably ammonia) 
!ml^t be addl'd. .As, however, the solution already reacts alkaline, it is difhcult to 
reach the exact neutral point, rsually too much ammonia is ad<led. As a rule in 
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quaUtative analysU it is unnecessary to accomplish complete precipitation in this 
test, as the cclor of the silver precipitate suffices to show whether an arscmle or an 
arsenate is present. To make the precipitation practically complete, add ammonia 
drop by drop to a solution of silver nitrate until the precipitate of silver oxide that 
Erst forms redissolves; the solution then contains complex (AgtXHj)^)^ cations 
instead of simple Ag^ ions. Add this reagent to the arsenite solution which has 

been made weakly acid with nitric acid: 

HaAsO, + 3 [AgCNHOi]^ + 3 6 + Ag^AsO, 

The addition of the nitric acid is necessary, as othenvise the solution will become 

ammoniacal, dissolving a part of the silver arsenite. . .-c j .i 

If the solution to be tested contains also a chloride, it should l>e acidified with 
nitric acid and the chloride precipitated as silver chloride by an excess of silver 
nitrate, and filtered off. To the Citrate, dilute ammonia should be added cau- 
tiously. At the neutral zone formed by the ammonia above the acid solution, a 
yeUow precipitate of silver arsenite will appear. This test is very sensitive. 

9 Stannous Chloride (Bettendorff’s Test). -On adding to con- 
centrated liydrochloric acid a few drops of an arsenite solution and 
then ^ ml of a saturated solution of stannous chloride in hydroelilor.c 
acid, the solution quickly becomes brown and then black, owing to the 
deposition of metallic arsenic. The reaction takes place more readily 
on warming, but a dilute ariucous solution will not give the reaction. 
In concentrated hydrochloric acid, however, all the ai^en.c is present 
as trichloride, and tiiis is reduced by the stannous chloride, whereas 

arsenious acid is not : 

2 As+++ + 3 Sn++ 3 + 2 As 

B. Compontids of Arsenic Pentoxide 

Arsenic pentoxide, wl.ich mny be obtained by l.cntioB air^onie acid, is a while, 
fusible substuucc, and is changed by -strong ignition into at>‘eiiic tiiuxidc. 

iVs^Ofc— ♦ A.S2O3 + O3 1 

Areeiiic pentoxide is quite soluble in water, forming arsenic acid: 

AsiOi -t- 3 IIiO 2 lIi.VsO* 

Amenic acid itself may be obtained in the solid state in the from of orthorhombic 
priams corresponding to the formula 2 HaAsO* ■ il.O. At 100 C water escapes, 
orthoareenic acid, H,AsO«. being left lichind as a crystalline powder. 

By gentle ignition more water is given off. f'>rnHng pyro-rsemic acid. 
winch on further ignition i.s changed to inetarsenic acid, H.VsO,. In this respect 
areenic acid acts exactly like pliosphorie add. Both the pyro- and the nieta-acids 
readily take on water and arc changed back to the ortho acid. 

The Balts of arsenic acid arc callc<l arsenates. 

As with orthophosphoric add. inon.^, di-. and trimctallic salts are knoxvn. 

NaHtAs 04 , NaiH/VsOi, and NajiVbOi. 1 ii • ... oor 

The an,eeate» of the alkalies are soluble i.i water; the others are insoluble in water 
but easily soluble in adds. 
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Reactions in tJie Wet Way 

1. Hydrogen Sulfide on being passed into a cold solution of an 
arsenate in 0.3-normal acid does not cause any precipitation until after 
a long time, when arsenic trisulfide is formed. If the cold solution con- 
tains a large excess of concentrated hydrochloric acid, the arsenic is 
precipitated as pentasulfide. If hydrogen sulfide is passed into a hot 
solution of an arsenate in concentrated hydrochloric acid, a mixture of 
arsenic trisulfide and pentasulfide is formed. 


This behavior is very interesting, but the relations involved arc quite compli- 
cated. The solubility products of both arsenic trisulfide and arsenic pentasulfide 
are extremely small, and it requires but a small quantity of either As'*"'"*’ or .■Vs'*"*"'"*"*' 
ions to reach this value even with the sulfur ions from slightly ionized hydrogen sul- 
fide. A cold solution of an arsenate in 0.3-norraal hydrochloric acid contains no apn 
preciable quantity of .As'***"'’* cations. .Arsenic acid is of approximately the same 
.strength as phosphoric arid, and it is only in the presence of a verj’ large e.\ce.ss of 
an acid, such as hydrochloric acid, that the ionization of the first hydrogen acid is 
repressed to a marked degree. In tlie presence of concentrated hydrochloric acid, 
however, it i.s reasonable to as.sume that a small quantity of As'*"*"*"*"*' cations are 
present, These react with hydrogen sulfide to form the very insoluble pcntiisulfide, 

IIj.VsO, + -j H*- -*4 IliO + 2 .A-s*-"*-*-*- + 5 ILS -»AssSs + 10 li* 

The arsctiic sulfide is so insolulilc that the effect of the acid is, on the whole, favor- 
able; it favors tlie formation of Asi"**** cations, and it prevent.s the formation of 
colloidal .solutions of .As;St. 

Hydrogen suHide is absorbed by a cold solution of an arsenate in dilute acid to a 
greater extent tlu.n can lie accojinfed for by the stdubility of hydrogen sulfide in 
water. Soluble Uiioarsenalcs are formed: 

H .\sO< + H:S — IL.VsOjS + ILO 


Hydrogen sulfide also exerts a reducing effect upon the arsenate. This reduction 
t!ike.s f)lucc very slowly in the cold, but more rapi«lly if the temperature of the solu- 
tion is raised or if t lie eouceiitrution of the H*’ is increased (cf. p. 4(>): 

Ha.-\sO«-f :ni' + H.S— +4 HaO + S; 2 -}• 3 IIjS — AsjSj -f- C H-" 


s soon a.s the olution contains an appreciable quantity of cither .As*’'"*"**'’ or .-Vs’*"*’'*’ 
, i.s. the pn‘<-i[),i!itioii of the corresponding sulfide at once takes place. The tetn- 
]• atuie of the solution and the eoneentration of the acid are exceedingly important 
1; '<»!.■» in the precipitation of aj-senic by means cif hydrogen sulfide. The penta- 
sul do is the more insoluble of the two 8ulfide.s. 

i precipitate the ai-senic quickly by hydrogen sulfide from a solution of an arsen- 
ate. without employing consitlerable hydrochloric acid, it is only ncce-ssarj’ to reduce 
tlie ai-sonic acid by boiling with sulfurous acid, to boil off the excess of the latter, 
and then to conduct hytirogen .sulfide into the solution, whereby a precipitate of 


ai-senioiLs sulfide is at once formed. 

Arsenic pentiLsullide is in-soliiblc in 
like the trisulfide, it is readily .soluble 


boiling concetilrated hydrocliioric acid, but, 
in alkalies, ammonium carbonate, and alkali 
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sulfides: 

AsSi +16 OH" -t 3 HsO + + AsO,.'' 

ASiSi + 3 CO,” - 3 CO, r + AsS, + AsOiS” " 

As2S6 + 3S""^2.\sSr‘" 

By acidifying these solutions, arsenic pentasulfide is reprecipitated: 

2 AsS, + 6 H+ 3 H,S t + As:S, 

AsS, + AsOS + 6 3 H,0 + As.S, 

Arsenic pentasulfide is oxidized by fuming nitric acid to sulfuric and arsenic 
acids; also by ammoniacal hydrogen peroxide and by hydrochloric acid and po- 
tassium chlorate: 

As2St + 40 HNO, — 2 HjAsO^ + 5 HiSO, + 40 NO, T + 12 H,0^ 

AsiSs + 20 HiO, + 16 OH" — 28 H-O + 5 SO,"" -t- 2 .\sO, 

3 AsiSfi + 20 HCIO, -I- 24 HiO — 20 HCl + 6 H,.4sO. + 15 H,S 04 

3 As, St + 5 HCIO, + 9 H,0 — 5 HCl + 6 H,AsO, -h 15 S 


2. Ammonium Molybdate, added in considerable excess to a boiling 

nitric acid solution, precipitates yellow, crystalline ammonium arseno- 

molybdate: AsO^' + 3 NH4'*' + 12 MoOt + 24 

12 H 2 O + (NH,) 3 As 04 • 12 M 0 O 3 

This precipitate, like that of the corresponding molybdenum compound 
with phosphoric acid, is insoluble in dUute nitric acid solution containing 
ammonium nitrate, but is readily soluble in ammonia or caustic alkali 

solutions: (NH 4 ) 3 As 04 • 12 MoO, + 24 OH 12 HoO 

+ 3 NH,-^ + AsO,+++ + 12 MoO, 

The yellow precipitate is also soluble in a solution containing an 
alkali arsenate; complex anions containing more arsenic arc formed and 
the ammonium salts of these complex ions arc soluble in ni^tric acid. 
Consequently a large excess of ammonium molybdate should be used 
if it is desired to precipitate arsenic acid. 

As we shaU see later, phosphoric acid behaves similarly toward magnesium salts 
and ammonium molyMate. If. therefore, both phosphonc and un.en,c acids are 
present, it is necessary to precipitate fir^t the arseme with hydrogen sulfuie fil c . 
and oxidize the precipitated arsenic sulfide to arsenic acid with fuming n. r c acid. 
In such a solution a precipitate produced by means of ammonium molybdate or 
magnesium chloride must be caused by arsenic acM. In the same way a Prec.p.tate 
produced in the fiUrate from the hydrogen sulfide precipitate mi^t be caused by 
phosphoric acid. This is safer than to depend upon the fact that the 
phosphomolybdate forms more readily at lower temperatures (GO ) than does the 

corresponding arsenic compound. 

3 . Ammonium Thioacetate and Sodium Thiosulfate cause the same 
precipitation as with arsenious salts. 
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4. Concentrated Hydrochloric Acid and Ferrous Chloride cause the 
formation of volatile arsenious chloride: 

HaAsOi + 2 FeCls + 5 HCl —* AsCh t + 2 FeCh + 4 HaO 

Any other soluble ferrous salt may be used or other reducing agents such as 
cuprous cliloride, potassium iodide, potassium bromide, or even hydrogen sulfide. 
After this treatment, all the arsenic may be removed by distilling in a stream of 
hydrogen chloride. 

Instead of hydrochloric acid, hydrobromic acid can be used, and since tliis acid is a 
reducing agent no other reducer is required. If, therefore, about 1 g of solid sub- 
stance is boiled with 10 ml of 9 A' HBr, practically all the arsenic will be distilled off 
n.s AsBrj if the solution is distilled until only 3 ml remain. By catching the distillate 
in bromine water a solution of n 3 .\s 04 is obtained: 

jVsBrj "b Brj -b 4 HjO — ► H 3 .ASO 4 "b 5 HBr 

Seleni»im and gallium are also volatilized as SeBrj and GaBrs under these con- 
ditions. 


5. Cupric Sulfate docs not give a precipitate with arsenic acid solu- 
tions unless a little alkali hydroxide is added and then bluish green 
cupric arsenate is formed wliich becomes a beautiful light blue on 
adding more alkali but does not dissolve. 

f). Magnesium Chloride preeii)itates, in the presence of ammonia and 
ammonium chloride, a white, crystalline precipitate of magnesium am- 
luoniuin ar.^enate: 

A-sOr"' + + NH4+->MgNH4As04 

This precipitate is insohible in dilute ammonia and is used for the quan- 
titative di'terniinalion of arsenic. By ignition it is changed into mag- 
nesium pyroarseuate: 

2 MgNH.AsO,, -> II 2 O T + 2 NH 3 T + MgcAs^Oy 

7. Potassium Iodide, in a solution strongly acid with hydrochloric 
acid, reduces a solution of an arsenate with iil)oration of iodine (cf. 
]). 115): 

lI^AsO^ -i- 5 II~ -b 2 r -b 4 HcO -b I 3 


d'lje reaction takes place qiiantitatively if the iodine is removed by 
adding s»>diuin thiosulfate but, in the absence of acid and the presence 
'if r>:eess NalK'Oj, it will take place quantitatively in the reverse 

i;,rectinn. 


S. Silver Nitrate pr(*eipitatrs from neutral solutions rJiocolate- 
brown sih er nrstaiate (ililTerenee from arsenious and phosphoric acids): 


AsOi' + 3 Ag-* ^AgAsO* 


soluhle in acids and in ammonia. 
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SPECIAL PROCEDURES FOR ARSENIC 
J. The Marsh Test 

AU [compounds containing arsenic can be reduced, in acid solution, by means of 

metallic zinc to arsine, AsHj: 

AsQj + 3 Zn + 9 -» 3 Zn-^ + 3 HiO + AsHj ] 

As 04 4- 4 Zn + 11 -» 4 Zn^ + 4 HjO + AsHj T 

^+++ 4 3 Zn + 3 -♦ 3 Zn++ 4 t 

The sulBdes are reduced very slowly, but the oxides arc reduced quickly even at 

ordinary temperatures. . j . » ..:.u 

This very poisonous arsine possesses a property which enables us o detect Mth 

certainty the merest trace of arsenic -as little as 0.0007 mg .\s. By con^ctmg 

the gas through a heated gloss tube fUled with hydrogen, it is 

hydrogen and metallic arsenic; and the latter is deposited as a browmsh black mirror 

on the sides of the glass tube, just beyond the place where it wjis heated. 

This test is extremely sensitive, and must be mode with caution, since a mo.t al 

reagents, especially commercial zinc and sulfuric acid, are likely to ^ 

areenic. If these are used uithout previous testing, arsenic is likely to he found 

although it may not have been present in the substance itself. 

The Marsh test is particularly useful for detecting the ‘ ’"j'J 

amounts of arsenic which could not be found by an> o le pre\ ^ 

reactions. In cases of poisoning and for detecting tlio 

papers, this test, or a modification of it, is always used; we will, therefore, discuss 
it in detail. 

Formation and Properties of Arsine 

(a) Formation. - Arsine is produced, as above mentioned, by the reduetion of 

J * • • «r,ip For accomplLsliing the reduction, pure Zinc and puie 

compounds contaimng arsenic. i‘oraccorn|»ii.>ni k tj., m. a tin ,md 

sulfuric acid should be used. If other metals an o ler ac .. n U/. reduced' but 
hydroehlorie acid, iron and sulfuric acid) the an^enic compound ' ,,, 

if iron ia used, a Urt of the arsenic is said to be ehansed to a 
which remain in the flask and consequently escapes detect,.,,. ", ^,, 11 . ^ 
chloric acid are used, a hi,h temperature is ,ee r™dih r^^^^ 

duelton, butw,lh s.neandsul ur a.td^ri^^^ 

temperatures. Cheimcally pure uisj, . . , ^ littlcToroiirn 

sulfL acid, so ttmt it is well to activate the stne by the add, t, on of, ^ Mo h 

metal. The addition of a drop of ehloroplat.me ar,d “ 

e^lution of hydrogen, but tlw r^erion soon slows down^a ,e acid 

Srd”— i”:r:ar g :ulerab,e amenic to be ho.d bark by the platmum; 

less than 0.005 mg of A.,.0. cannot be detect^ tins tva, t 

are obtained by ming an alloy of sine and plat.num. Thus I ' < 

sine alloyed with 10 per cent platinum caused a more umform etolut.on of l,jdroge„ 

“ • Thus Vanino, working at ordinary ""j, 

0.002 g of As.O. by means of tin and hydroehlor.e ^,d, nnd 

acid was added, less than 0.1 mg of A.,,0. could not be found, s!. arnFu. 

im, 82. 

t Bernstein, Inaug.-Dissert., Rostock, 1870. 
t Inaug.-Dis.'iert., Zurich, 1907. 
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and that the formation of arsine was accelerated, while less arsenic was retained by 
the platinum. With this alloy, 0.0005 mg of AssOa can be detected with certainty. 
The best activating agent, however, is copper in the form of a zinc-copper alloy pre- 
pared as follows: Melt 20 g of the purest zinc in a small Hessian crucible; stir a very 
little pure copper into the molten zinc with the aid of a stick of zinc. Pour the molten 
metal into water, keeping as much as possible of the oxide back in the crucible. With 
this alloy and 15 per cent sulfuric acid, a steady, continuous current of gas is obtained 
and it is possible to detect with certainty as little as 0.00025 mg of AsjOj. 

Arsenic, arsenious oxide, arsenic pentoxide, and arsenic trisulfide are readily 
reduced in alkaline solution by sodium amalgam, aluminum, or Devarda's alloy 
and caustic potash. The reduction takes place quickly, and the arsine may be de- 
tected by the Gutzcit reaction (cf. p. 155). The presence of organic matter in solu- 
tion hinders the reaction; 3 ml of urine in which 1 mg of AsiOi was dissolved showed 
no trace of arsine after treating for hours with Devarda’s alloy and caustic potash 
solution. In such cases the organic substance must be decomposed before testing 
forarsenic. (Cf.p. 157.) 

.\rsine is also obtained by dissolving many arsenides in hydrochloric or sulfuric 
acid: 

Zn,As 2 + 6 HCl -♦ 3 ZnCl* + 2 AsH, T 

,\rs(*iiide of iron is attacked by acids only with difficulty, except when an excess 
of iron is present ; solid and g.aseous arsenic hydrides are formed. Consequently iron 
sulfide containing arsenic, on treatment with acids, always yields hydrogen sulfide 
contaminated with iirsitie.* 

Arsenite.s can also l>e reduced to arsine by the action of the electric current. It is 
possible to distinguish between an arsenitc and an arsenate in this W'ay. 

( ertain molds, namely, Penirilliutn hrcricaule, when provided with nutriment 
containing only trjwi's of arsenic, have the [miwit of forming a volatile arsenic 
compound having a garlic-like odor; this may used as an extremely sensitive test 
for arsenie. 

(h) 1‘rnpi'rtivs. — Arsine is a colorless, unpleasant-smelling, extremely poisonous 
ga.s, wliica, on being heated away from the air, is decomposed into arsenic and 
liydn)gen : 

4 /VsII] — • .-Vsi -|- 6 Ha 

By heating in the air, it is oxidized to water and arsenic trioxide. Solid iodine 
changes it to ar.scnious iodide and hydriodic acid: 

/VsII, + .\sl, -f 3 HI 


Tliis reaction takes place on conducting arsine over solid iodine. This properly 
M -rc-i to fret hi'dropen sulfide from arsine, as hydrogen sulfide does not act upon solid 
but only upon a(iueous iodine solutions. .-Vrsine is not attacked by hydrogen 
fulfido at ordinary temperatures, but at 230® C sulfide of arsenic and hydrogen are 
fni inO(J. 

Albino is a strong reducing agent: it can reduce silver salts to the metal (see p. 155). 


Dircctumsfor Performing the Ucrzelius-Marsh Test 
Tlie apjiaratus devised by G. Lockcmann,t shown in Fig. 12, may be used to ad- 


• Chitn. ZvntralhL, 1902, 1, p. 1215. 
t Z. iifii/iw, Cht m., 1906, pp. 127 and 401. 



ARSENIC 


153 


In the flask K, of 100 to 150 ml capacity, place 3 or 4 g of zinc alloyed with copper 
(cf. p. 152) and about 20 ml of 4-normal sulfuric acid free from arsenic. A steady 
stream of hydrogen is at once evolved, and in twenty minutes the air will be entirely 
driven out of the apparatus. hen, at the end of alx>ut twenty minutes, the gas 
escaping at 6 is found to be pure (by collecting a little in a small tulie and holding it 
near a flame; it should light without a sharp explosion), light the hydrogen at 5.* 
The flame should be about 2 or 3 mm high and should remain so during the entire 
expteriment; if it becomes higher, cool the solution in K by placing the flask in cold 
water, and, conversely, if the flame is too low add a little more sulfuric acid or place 


the flask in warm water. 

First of all, test the zinc and sulfuric acid to see that they are free from arsenic. 
Heat the hard-glass tube at B just before the constriction in the tube, which is .) mm 


long and 1.5-2 mm wide. If at the 
end of twenty minutes there is no 
arsenic mirror formed in this capillary, 
the reagents are free from arsenic. 

Transfer the sulfuric acid solution 
to be tosted for arsenic, and which 
must be free from organic substances, 
sulfides, chlorides, nitrates, or other 
oxidizing agent-^, to the graduated 
funnel T, and add it little by little to 
the flask K without in any way iu- 
terrupting the current of hydrogen. 
Just before adding the solution to 
the flask, light the two burnci-s at A 
and thereby heat the glass tube to 
dull redness. The gas as it escapes 
from the flask K passes through the 
drying-tube C containing granular 
calcium chloride, and then into the 
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tul)e A, where any arsine is quan- , . , i 

titatively decomposed into arsenic and hydrogen. The arsenic is .leposited on the 
cold walls of the capillary. Cool the end of the capillary, in onier to form a sharply 
defined mirror, by winding around it a piece of wicking. as shown m I< ig. 1 L, and allow- 
ing water to drop upon it from the dish 11' during the experiment. 

All the arsenic will be deposited at the end of an hour, and by comparing the mirror 

with a series of standards the amount can be estimated accurately (seep. 1.>I). 

Ilenuirk. - If the tube A is not healed at all. but tl.c ga.s ignited at 5 a.y»bovc 
described, the arsenic may be deposited upon a cold p.,rcelain dish by disli 

in the flame. The deposit is readilysoluble in sodium hypochloritcs..lut,on (difference 
from antimony). In this form the test was used by James ^jal•sh in 1Mb. 

Confirmatory Test. — In the small glass tube open at both ends (see Fig. 13) the 
arsenic mirror is found. Hold the tube in an inclined position and heat it by nicans 
of a small flame whereby the arsenic is changed to arsenic trioxide, giving off tlu> 


• A safe way to light the flame is to fill a small tube with the escaping gas. light 
it. and bring it slowly to the end of the tube b. If the ga.s is pure the hydrogen in 
the small tube will bum quietly for some little time. If impure, there will l,e noire 
left in the small tube after it i.s exploded and this will not light the c.scaping gas at 
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characteristic garlic-like odor, which can be detected at the upper end of the tube if 
only 0.01 mg of arsenic trioxide is formed. After the tube is cooled, the arsenic 
trioxide is to be found at a in the form of small glistening octahedrons, which can 
be seen with the magnifying glass or often with the naked eye. 

These three facts — formation of the mirror, the garlic-like odor, and the octa- 
hedrons — suffice to prove the presence of arsenic; but the more proofs we have, the 
more certain we are of the accuracy of the re- 
sult. If the octahedrons have been recognized, 
seal the capillary end of the tube with a flame, 
and introduce 1 to 2 drops of pure, concentrated 
hydrochloric acid into the tube with the help 
of a dropper, and move the tube so that the 
arsenic trioxide is moistened by the acid; then 
add 6 to 10 drops of distilled wat6r and pass 
hydrogen sulfide into the tube, whereby yellow 
arsenic us sulfide is formed. 

The .hydrogen sulfide required may be gen- 
erated from a solution of sodium sulfide by 
allowing it to flow into dilute sulfuric acid, as 




illustrated in Fig. 11. The upper part of the test tube contains a wad of cotton 
wool, whu-h prevents any of the solution in the tube fn>m being mechanicallv carried 
over into tlie tube cf.ntainine tlic arsenic. 

As an example of the practhal .application <.f this delicate test, the method to be 
employed in lhe (leterti<ni <if arsenic in wall-pnpers. etc., will be dcscriljed. The 
amount of arsenic contained in wall-(>ui>ers i.s usually .so small that weighing the 
imrn,r produced would not ho accurate.* It is best, therefore, to prepare a number 
of mirrors from known amounts of ai-senic, to e.stablish a scale for determining how 
mucli IS contained in the given w.all-paper or fabric, f 

First of all. tlio arsenic must bn extracted completely from the paper, and to this 
(Mid it is nccc??.sary to decompo^^o the organic mnterial. 


In Massachusetts the law permits the presence of 0.1 mg per square decimeter 
in wall-paper, but only 0.01 mg per square decimeter in wearing apparel In most 
cases It i.s merely ncce.ssjiry to determine whetlu r the legal limit is exceeded 
t C. R. Sanger, Am. Acosl. .1</,^ Sri., 26, 21. 
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2. The Cutzeit Test 

The Gutzeit Test for Arsenic depends upon the behavior of arsine 
toward a 60 per cent solution of silver nitrate (according to Eiden- 
benz, a crystal of solid silver nitrate should be used). The silver 
nitrate is at first colored yellow and then black, the following reactions 
taking place: 

6 AgNOa + AsHa As Aga • 3 AgNOa + 3 HNOa 

Yellow 

AsAga ■ 3 AgNOa + 3 HOH HaAsOa + 3 HNOa + 6 Ag 

The test is carried out as follovs-s: Place a little of the sulxMance in a small test 
tube, Fig. 15, add a few grains of zinc and a little dilute sulfuric acid, and place a wad 
of cotton near the top of the tube as a filter. Over the 
mouth of the tube place a piece of filter paper with a crystal 
of silver nitrate on top. 

If areenic is present, the silver nitrate is at first turned 
yellow, but it becomes black very quickly. 

This reaction is often used for quickly testing commercial 
acid for arsenic, but it is not as reliable as the Bettendorff 
test (p. 147), because phosphine* and stil)ine give a similar 
reaction with silver nitrate, while they are not reduced b> 
stannous chloride. 

U arsine is allowed to act upon a dilute solution of silver 
nitrate, the yellow compound As.\ga • 3 .‘\gNO3 is not forme , 
for it is immediately decomposed hydrolytically, according 
to the equation 

AsH, + 6 AgNO* + 3 HOH - 6 HNO, + Ha.^sOa + 6 Ag 

If the precipiUted silver is filtered off. and ammonia then 
poured on top of the filtrate, the neutral zone will appear 

yellow owing to the formation of silver arsenite. . . 

This reaction never takes place quite quantitatively; tire dopos.tcd silver mvari- 

ably contains a little silver arsenide, Agj.As. . a n *1. .a a.-iii i-,o 

If the sUver solution is made ammoniacal. it is true that all ^ 

absorbed, but the deposited silver still contains a litt e amenic an cnlntion 

email quantity of ammonium arsenite. If. however, the ammoniacal solut o 
contaiidng the silver nitrate and ammonium arsemto is heated to boiling, then 
Arsemte is oxidized quantitatively to arsenate with depoMtion o wi ver. 

2 Ag+ + AsO, + OH' H.\sO, + 2 Ag 

Under these conditions eight atoms of silver are deposited from each original 
molecule of arsine 

AsH, + 8 Ag^ + 11 OH" - As04 + 7 H2O + 8 Ag 

If the deposited silver is filtered off and the filtrate carefully neutralized with 
nitric acid, a brown precipitate of silver ui'senate is forme 

• Commercial zinc often contairw a small quantity of l**‘”^****^^'i^_ 

t Cf. Recklcbcn, Lockemann. and Eckhurdt, Z. arial. Chan., 1907, Orl. 
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Somewhat less sensitive than the original Gutzeit test, although 
very satisfactory, is the modification recommended by Fliickiger* * * § 
and Lehmann. t 

Instead of allowing the arsine to act upon silver nitrate, bring it into contact with 
mercuric chloride paper t , which is turned yellow by a little arsine and reddish 
brown by considerable arsine.f 

The exact composition of these compounds is not known definitely- Possibly 
As(HgCl)3 is formed first; and then, by further action of AsHs, AsH(HgCl)j and 
AszHgj are formed. [[ 

AsHa + 3 HgCL ^ 3 HCl + As(HgCl )3 
2 As(HgCl )3 + AsHa ^ 3 AsH(HgCl )2 
As(HgCl )3 + AsHj -» 3 HCl + As.Hga 

These arsenic compounds are characterized by their insolubility in 80 per cent 
alcohol. 

S(ii)ine gives no reaction in this test when little of it is present, but the presence 
of somewhat more of it causes the formation of a brown spot which is soluble in 
alcohol. If, however, l>oth arsenic and antimony are pre.sent, the former is recog- 
nized by cutting out the spot from the re.st of the filter paper and placing it in 80 
per cent alcohdl, whereby the brown spot due to the antimony is removed in a short 
time ami the yellow arsenic spot appears plainly. When considerable antimony 
i.s present, the test fails; a graj'-black spot is produced which does not disappear 
on treatmeut with alcohol. 


3. The Reinsch Test 

The Reinsch Test is very easy to make, but it is not as sensitive 
a.s ibo tests just niontioiu'd. It depends upon the fact that, when 
a strip of ixilislu'd t uppeu- foil is added to a solution of arsenious acid, 
tli(’ c<)pp(*r \6 (•olonnl gray owing to the depo.sition of Cu^As^ on the 
(•« ►pper. 

From concentrated solutions the arsenic separates out in the cold, 
hut from dilute solutions only on warming. If considerable arsenic 
is present, the gray copper arsenide drops off from the copper. Anti- 
mony is ii!.<o precipitated on copper from its solutions, so that the 
deposit must lie Lasted for arsenic in the dry way. Arsenic acid is 
al.su reduced by copper, hut only on warming. 


* Arch. I'hann. (;5), 1889, 27. 

i Phanu. ZOj. JiiiP'ti, 1892, 3fi. 

t To prepare tlx“ mercuric chloride paper moisten some filter paper with an alco- 
holic whition of m. rcuric chloride, aUow the alcohol to evaporate, and repeat the 
four or livo tilings. 

§ August (lotdi. lf, J. Sac. Chun. Inti., 22, 101 (1003). 

Hc.dde.s the ahovc compouuds, Asn^tUgCI) is said to exist. Cf. Partheil, Arch. 
PharvL, 237, 121. 
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The Reinsch test is often used in testing wall-papei-s for arsenic. 
The pieces of paper are treated with a little hydrochloric acid (1 .2), 
a piece of copper foil added, and wanned. A gray deposit on the 

copper indicates the presence of ai'senic. 

To confirm this test, the piece of gray coi^per foil is placed in a tube 

of difficultly fusible glass and heated in a stream of hydrogen gas; an 
arsenic mirror is produced which can be tested as described on page 153. 


DeUction of Arsenic in Human Organs 

To detect small quantities of arsenic present in the organs of persons who have 
probably died from poiaoning, it ia neceasary in the first place to destroy all the organic 
tissue; this may be accomplished by the action of sul urie a,.d .nine ae.ds* Place 
200 g of the organ, 200 ml of concentrated nitric acid, and o ml of . per cent per- 
manganate solution in a 2-1 flask and heat until foa.ni.ig ceases 1 lien transfer tla^ 
solution to a 1-1 flask, rinsing ont the larger flask with lOO ml of concentrated mtr, 
acid and 100 ml of water. Boil tour hours, or un.U the solut.on ts reduced SO m 
in volume. Add 100 ml of concentrated sulfuric tied and evapontlc 1,11 fntncs of 
sulfuric acid are evolved. Cool, add 2 or 3 ml of concentrated nttne aetd, and again 
heat until white fumes are evolved, at.d repeat this treatiucnt with ,,, rtc acid ahou 
six times. Then, when all the nitric aci.l has been ex|>cllcd, cool, dilute aith 100 ml 

of water, and test the solution by the Marsh test. , *• * i , 

To determine the qua, My of arsenic present, transfer the solu ton to a .l ,,t,l mg 

flask, add 20 ml of concentrated sulfuric acid, .lOg of sodium chloride, 1 g "' P-' ' 
chloride, and 10 g of ferromi sulfate crystals. Dist, into a fla.sk com am, ,g ..0 g 
of sodium bicarbonate and 100 ml of water until all the solid hicarhona, h.^ oho . 
Titrate the sodium arsenite solution Ihusolitaiiicdwilh iodine 

A blank experiment should be made with all the reagents to make sure that Ihcj lu. 
free from aruenic. 


Reactions in the Dry Tf ay 

Metallic arsenic burns, giving oft a garlic-like odor. Mixed will, 
sodium carbonate and heated on charcoal, all arsenic coiiipouiid.s gm 

Oxygen compounds of arsenic arc lusily reduced to metal m tlie 
upper reducing flame. If a porcelain dish (glared on the outside 
and filled with water) is held directly over the sample, the arsenic 
vapors are condensed on the dish, forming a hrowi.isli black coating 
which U soluble in sodium hypoclilorite .solution, disappearing 
stantly, the arsenic being oxidized to arsenic acid. 

As* + 10 NaOCl + 6 H,0 10 NaCl + 4 H^AsO* 


^ , n • OK oM Chit tcntlcn rikI DonaldHoii, 

•a. Gautier, Pam, 26, 2.>^ 78 

Chem. J., 11, 230 {1880-1); Joachimoglu. Arch. I nth. I harmakol, 78. 


Am 
1-16 (1914). 
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If the porcelain dish is not held closely above the reducing flame, 
but above the upper oxidizing flame, the arsenic vapors are burned 
with a bluish flame to white arsenious oxide which deposits on the dish. 

If this deposit is moistened with silver nitrate, and ammonia vapors 
blown upon it, a yellow coloration due to AgjAsOa is formed, which 
disappears if more ammonia is allowed to act upon it (difference from 
antimony) : 

AS 2 O 3 + 6 AgNOa + 3 H 2 O 2 AgjAsOj + 6 HNO 3 

The ammonia serves to neutralize the nitric acid formed by the 
reaction, but the precipitate dissolves in excess of ammonia as well 
as in nitric acid. 


The microcheinical method of Hartwich and Toggenburg* is often useful when the 
arsenic is present as trioxide. Prepare a glass cylinder about 12 mm in diameter and 
10 mm in hoigiit and make sure that both the upper and lower edges are smooth. 
Place this cylinder upon a small watch glass and pour into it a little of the substance 
to he tested, well mixed with ignited sand. Cover the cylinder with a flat glass slide 
about .W mm square. Heat the watch glass very carefully with the flame from a 
small burner; the flame slumld not be over o mm high and 30 to 40 mm below the 
watch glass. .After heating ten or fifteen minutes, allow to cool slowly, and finally 
examine the Ixtttom .surface of the glass .slide. If aj'senic is present as trioxide, it 
will have suUlitnod and the vajxtrs will have condensed, upon the slide for the most 
part, in tlie form of beautiful octahedrons, the shape of which is very distinct when 
viewed uniler the microscope. These crystals are visible when only 0.01 mg of 
arsenic is present, i he sublimate may be identified further by the silver reaction. 

Ai'sc'iiii* tiidxiilo or trisuliiilo is readily reduced to metallic arsenic by 
fu.<i')ii with a mixture of 3 parts sodium carbonate and 1 part potassium 
<'}anid(\ \\ith the oxide the C3'aiiide is changed to ej’anate, but with 
till- sulfidt' some tliiocyanate is formed. The reaction .succeeds with 
ai.''cnitc‘.s {)r«>\’ideil tlic. cation is not reduced b\' potassium cj'anide and 
does not _vicld an ar.-^enide which Ls easily decomposed bj' heating. This 
I'-action is rreomm ndt'd bv Freseniu.s and Bal)o as most suitable for 
detecting the presetiee of small (lunnfities of arsenic. They recommend 
tile lullouing procedure: 

Triturutv the perfectly dry ar.'^enie compound with 3 times as much dr\* potassium 
f yaiiide am! 0 time.« much sodium carbonate in a mortar which has been warmed. 

'J -> avoki I'ontart of tlio fiLsion mixture with glass, which is likely to contain arsenic, 
piiue tlie mixture in a .small poreeluin boat and introduce (he boat into a piece of 
gla-^ tubing which is drawn out into a capillary at one end. Connect the other end 
of tlie tubing with a carlK.ii dioxide generator, interposing a w’ash bottle with a little 
^ ulfuric acid to dry the carbon dioxide. The porcelain boat should rest in the middle 
i/f the gliU'-s tuljc. \Mth a moderate stream of carbon dioxide passing through the 

Sclui-ci:. Wocimiiichrijlfur C/utn. u. Pbarm. 1909, No. 52, p. 1. 
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apparatus, heat the whole length of the glass tube to remove all moisture, then shut 
off the flow of gas somewhat and heat the end of the tube where the constriction 
begins. When this is hot place another lamp under the porcelain boat and continue 
heating until all the arsenic is expelled. Most of it will condense in the narrow tubing 
but some may escape into the air and give a garlic-like odor. \s little as 0.01 mg of 
arsenious acid will produce a visible mirror of arsenic. 


Antimony, Sb^ At Wt 121.76, At No. 61 

Density 6.7. M. P- 630^ B. P. 1440^ 

Occurrence. — Antimony seldom occurs free in nature, although large amounts 
of the metal have been found in Australia. The most important compounds con- 
taining antimony are (as with arsenic) the sulfur compounds. Stibiiite, 
orthorhombic, is found in Japan in l)eautiful crystals. The occurrence of kerme^ite, 
SbjOSj, is interesting, as this compound is often met with in anahsis. 

Of the oxygen compounds the dimorphous antimony trioxide is known as isometric 
senarmontite and orthorhombic valentinite. Antimony also occurs in many thio- 
salta, of which the tribasic silver thioantimonite, or pyrargyrite, AgjSliSj, ma\ e 

mentioned. 

PropertiM. — Antimony owes its name to the Latin word aulumnunn audits 
symbol is from alibium. It was discovered about 14.’)0 and Basil \ alentine wrote a 
book about antimony and its compounds. Aljout 2-1.000 tons are mined annually, 
and most of it comes from Cliina. Antimony is used chielly m making alloy.s tM)C 
metal, Babbitt metal, storage battery plates, etc. Its compounds hnd extensive use. 
Thug the sulfide, SbiSs, is used as a pigment, and various antimony compounds are 

used in medicine and in other pharmaceutical products. 

Antimony is a silver-white. brittle metal. If burns readily in the air to antimony 
trioxide. The proper aolvtnl /ornnlimony is ayua mjin, by which it w coin erted in o 
the trichloride or pentachloride. Nitric acid attacks antimony, changing it into 
Sb 20 <, which dissolves slightly in concentrated acid, but is inso u > e m i u o an . 
Antimony dissolves easily in a mixture of nitric and tartaric acids, and m a mixture of 

hydrochloric acid and bromine. ^ . • t 

Antimony forms three oxides: antimony frioxidc, SbjO,: antimony pentoxidc, 
Sb»0,; and antimony tetroxide, SbA, which may l;e regarded as nntiiix.nous anti- 
monate, and is a very indifTerent substance chemically. Ant imuny frioxide lus a ru e 
Bhows basic properties; antimony pentoxidc has more the character of un acid anhy- 
dride. 

A. Compounds of Antimony Trioxide 

_ By burning the metal in the air, the trh.xide is obtained, wliich on stronger ignition 

in the presence of air is cliangccl to the inert 

The trioxide is dissolved by concentrated hydrochloric acid, funning 
trichloride, a compound which (like bismuth chloride) is readily changed into a basic 
Balt by the action of water, the decomposition of which depon.Ls upon the 
tion of the reacting substances. Thus antiinonyl chloride, .sbOCl. is known, which 

U formed according to the following equation: 

SbCli + lUO 2 HCI + SbOCl 

In the presence of a largo amount of water some oxide in also formed. 

2 SbOCl + HaO 2 HCI + Sb,0, 
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A mixture of antimonyl chloride and antimony trioxide is known as AJgaroth ” 
powder, Sb-Oj • 2 SbOCl. By boiling with considerable water the oxide alone is 
obtained. 

Antimony trioxide forms three hydroxides, which behave as very weak acids: 
orthoantimonous acid, HjSbOa; pyroantimonous acid, H4Sb20s; and the hypothetical 
metantimonous acid, HSbOj. 

Salts of the metantimonous acid are kno\Yn, although the free acid itself has never 
been isolated. On boiling the o.xide Sb20j with concentrated caustic soda or potash, 
it goes into solution, but on dilution with considerable hot water Sb203 separates out 
again. On filtering tliis off, tetragonal crystals of NaSb03 are deposited in the filtrate 
on cooling; they are very unstable, however, and are decomposed by standing in the 
air into sodium carbonate and antimony trioxide. By dissohing antimony trioxide 
in strong alkali, the orthoantinionite is probably formed, 

Sb:Oi + r, OH' 2 SI.O3 — + 3 H:0 
wliich is hydrolyzed on dilution into metantimonite and alkali hydroxide: 

SbOr'" + H2O 2 OH“ + SbOr 

The latter is decornpo.scd l>y more water into trioxide and alkali hydroxide, so that, 
on adding to a solution of the trichloride either sodium hydroxide or carbonate, an 
almost quantitative precipitation of SbjOj will be obtained: 


2 SbCb + r» XaOH 6 XaCl + 3 HjO + SbjOj 
2 SbC'l, + 3 N'a.Ca - G NaCl + 3 CO2 1 + SbjO, 

Antirnon.v oxychloride, K’l, contains the univalent group, SbO+, which is known 
as the antimonyl group. 

.Vntiinimy oxychlori.lc, therefore, can Ikj rcgarilc<l as antimonyl chloride. Anti- 

monyi nitrate, .'^lAXNt.h), aUo known, ami antimonyl sulfate, (SbO),SO,. All 

these compounds arc easily hy<lro!yztd into acid and oxide, so that they are rarely 

encountered in the course of analysis, with the exception of antimonyl chloride. 

I he antimonyl compoun d of certain organic acid-s (.such as tartaric acid) are very 
iiuich more stable. 

On boiling antiimmy t*i.- ide with a solution of potassium acid tartrate, it dis- 
solves, forming the so-ralkd tartar emclir, 

2 KH( MHO. Sb,05-. H;0 + 2 K(SbO)GJl40o 

whicii is coniparmivcly soKiblc in water: 1(K) ml of water dissolve 5.3 a at 8.7°' 7 9 g 
at JH; 12.2 g at ;U ; ls.2 -,0 '; ami 31.2 g at 7.5H 

.Not only anliniony omMc. Imt all antimonyl compounds, form a complex 

mmm with tartaric add or v.Ah a tartrate; thus, antimonvl chloride dissolves in 
Kocheiic salt, or in tartaiK' and. 


g.ii.oh' -I SbOCl -cr + uybu)C«ii,o«r 

ILG.ll.o, -j SbOCl — IK’l + II[(Sb0)C4H<0,j 


i al tar emetic, jCMlMh • ] 11,0, is the most important antimony compound 

of commerce. Consequently it will l>o worth while to say a few words with regard 
tM Its behavior toward nci.l.^. 

If nil aqueous solution of potassium antimonyl tartrate is treated with hydrochloric 
acid, a wliite precipitate of antimonyl chloride is formed, 

K(SbO)CMliO« + 2 11+ + CP — H-XMl.Oe + K+ + SbOCl 
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which readily dissolves in more hydrochloric acid, 

SbOCl + 2 HCI H;0 + SbCU 

but, on the addition of more water, it is rcprecipitatcd, etc. 

Sulfuric and nitric acids precipitate orthoaiitiraonous acid from a solution of 
pota^ium antimonyl tartrate, for the antimonyl compound, which is at first formed, 
is immediately decomposed by water: 

[(Sb0)CJl40«l" + H+ + 2 H;0 -- HjC 4H406 + H^SbO, 

Water added to a solution containing antimony u.sually precipitates antimonous 
acid or a basic salt. By boiling a solution of antimony in either state of valence with 
nitric acid and evaporating nearly to dryness, all the antimony can be precipitated as 
oxide. If the oxide is filtered off and heated, it corresponds closely to the formula 
Sb, 04 , which can be regarded as antimonous antimonate. The presence of tartaric 
acid tends to prevent the hydrolysis. 


Reactions in the IT ct TT ay 

1. Hydrogen Sulfide precipitates, from .solutions which are not 
too acid, flocculent, oraiigc-red antimony trisulfide: 

2 Sb+-*-^ + 3 H-.S G H+ + Sb.S^ 

As is indicated in the equation, the antimony triMilfidc is in equilibrium with hy- 
drogen ions; in 12-normal acid it is readily soluble (difference from arsenic) On 
the other hand, antimony sulfide i.s Ics-s n.lublc in acid than i.s fin suliide and i can 
be precipitated from a solution which is over twice normal in acul. I he Umer sulhdo 
of both tin and antimony arc so.newl.at more .-oluble than the higher sullules f a 
solution of antimony in concentrated hydiochlonc acul is 

gen sulfide and the solution is fii-st diluforl, a preiipifate of HiOt 1 is hkely to form. 
This does no harm, as hydrogen sulfide will change antimonyl chloride into the le>s 
soluble trisulfide. If it is desired to prccii.itate the sullide without any formation of 
antimonyl chloride, the solution should lie .saturated with hydrogen sullnle before it is 

diluted, then diluted and again saturated with hydrogen sulfide. 

By heating orange antimony sulfide in an inert atmo..plierc (COj) it cln .^d 
to black antimony trisulfide. By roa.sting in the air. antimony tetroxide. ftb: ),. i.s 
formed. Heated with sodium nit rule, a iniMurc of sodium .«.ulfute and p\ roantimo- 
nate is formed. Heated in chlorine, or with a mixture of o parts ammonium chlundc 
and 1 part ammonium nitrate, the antimony is changed to chloride which can be 
volatilized, though less readily than the corre.<i>orKlmg urseiiic compuunU. 

Antimony trisulfide is soluble in aimiKHiiuin .sullide, foiming a solubli 

thio-salt: Sb.Ss -b 3 S" 2 [SbSa]""- 

The triammonium salt has never been isolated, the mono salt ^ 

being known in the solid state. In solution, however, particularly in the presence 
of considerable ammonium sulfide, the SbS,— ion is probably present. 

If yellow ammonium sulfide is employed, ammonium salts of thio- 
antimonic acid are obtained: 

Sb,S3 -f 2 (NH4)!S2 -» (NH4)3SbS4 + NH43bSa 
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If the solution of ammoniiun thioantimonite is boiled for a long time in the air, 
the red-colored oxysulfide is often precipitated: 

2 {NH^);3bS3 + 4 Oi — 2 (NH4)iS20, + 2 NH, T + H,0 + SbjS,0 

By boiling antimony chloride with sodium thiosulfate, the ox>'sulfide is abo ob- 
tained, 2 Sb"*^ + 3 SjOj — » 4 SOj t -1- SbjSiO, which, on being warmed, with 
ammonium sulhde, redissolves, forming the thio-salt. 

Antimony trisulfide is also soluble in caustic alkali, forming thio-and oxythio salts: 

ShtS, + 2 OH - -» H,0 -b SbOS“ + SbS," 

These thio-salts are decomposed by acids, precipitating antimony 
trisulfidc, with evolution of hydrogen sulfide: 

2 SbSa + 6 H+ 3 HaS t + SbsSj 
2 SbSr" + 6 H+ -> 3 HaS T + Sh^S, 

SbOS~ -b SbSa" -b 2 H+ -> HaO + Sb.Ss 

Boiling a solution of antimony trisulfide in potassium hydroxide or alkali sulfide 
with bismuth oxide results in the formation of insoluble bismuth sulfide and soluble 
antimonitc 

Bi:Oj -b SbS, -» BisS, -b SbO, 

If the alkaline thioantimonite solution is boiled wth cupric oxide, insoluble cuprous 
and cupric sulfides and soluble antimonate are formed: 

4 CuO -t- SbS, -> SbO,— -b Cu,S -b 2 CuS 

2. Alkali Hydroxide, Ammonia, and Alkali Carbonates precipitate 
the amorplious hydrated (>xide. 

3. Ammonium Thioacetate and Sodium Thiosulfate precipitate 
antimonous sulfidt* from arid solutions. Under suitable conditions, 
“ antimony ciiinal-ar ” Sh-SaO, or a mixture of Sb^Ss and some 86203, 
is formed with sodium tliiosiilfate. 


•}. Phosphomolybdic Acid is redurccl to “molybdenum blue” by antimony 
trichloride solution. In systematic* qualitative analysis, the sulfides of arsenic, 
antimony, jind tin arc cli-'tsolved in alkali iwlysulfidc and the addition of ocid causes 
precipitation of .\s.So. •md SnS,. If the precipitate is treated with 6 N 

hydrochloric ai’id, the sohit.ion contains SbCl, and SnCl,. In such a solution the 
followinjr tost is .spccilic for antimunv: 

I’la<-c a drop of the stdution upon filter paper which has been impregnated with 
plnisiihotjiolyliilic acirl (sec* p. 13(5), and hold the paper in steam. If 0.2 7 of antimony 
is iircscrit, a blue c«)loration will be obtained. 


5. Potassium Iodide docs not set free iodine when treated with 
an antimoiious solution (difference from antimonic compounds). 

G. Water often precipitates a ba.sic salt (sec p. 101). 

7. Zinc precipitates metallic antimony from solutions of antimony 
compounds. If a piece of platinum foil and a little zinc are placed in 
an antimony solution eontainiiig hydrochloric acid, .so that tlio two 
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metals touch one another, the antimony is deposited on the platinum 
in the form of a black stain which does not disappear on removal of 
the zinc (difference from tin). 

Lead, tin, and other metals will also cause the same reaction to take 
place (cf. p. 43). Zinc, however, unlike iron, tin, and lead, is likely 
to carry the reduction farther, and stibine gas, SbHa, is formed with 
a part of the antimony: 

2 Sb+^-f- -f 3 Zn 3 Zn^-*- -f- 2 Sb 
Sb-t-H- + 3 Zn -1- 3 H+ 3 Zu++ + SbH, t 

The stibine behaves like arsine in the Marsh test, but the antimony 
is less volatile and less soluble in sodium hy|x>chlorite solution. 


B, Compounds of Antimony Pentoxide 

Antimony pentoxide. SbiO», is formed as a yellow powder by oxidi 2 ing antimony 
with concentrated nitric acid and gently igniting the reaction product (aimmorne 
acid). On strong ignition it loses oxygon and goes over into the very stable anti- 

monous antimonate SbxOi. , 

The pentoxide dissolves in concentrated hydrochloric acid, formitjg the pcnta- 

chloride , „ 

SbiOi + 10 HCl -♦ 5 H:0 + 2 SbCU 

If this solution is treated with water, a white precipitate of untinmnic oxychloride. 
SbO:Cl, U formed, which, by the addition of more water, is changed on warming 
into antimonic acid: 

SbCU + 2 HjO ^ 4 HCl + SbO,Cl 
SbOiCl + 2 HOH HCl + H,SbO, 

Tartaric acid prevents the precipitation of the oxychloride, a.'- with SbOCl (p b O). 
Antimony pentoxide is an acid anhydride, and, like the corrc.<pondiiig I : 
referred to three acids, orthoantimonic acid, H^SbO.; mctantimonic acid 11M> h; 
and pyroantimonic acid, H«SbA. all of which have been isolated. The salts o . 
roetantimonic and pyroantimonic acids are the most common. le uim 

salts of the ortho acid have never been isolated, but the roonoinetiillic sa ts are 
to exist. All antimonates, being salts of a weak acid, are very unstable, being cum > 

hydrolyzed by water. , . , . j ,i,,» 

If antimony pentoxide is fused with an excess of caustic potash, t ic pro uc i 
fusion probably contains the trimetaliic salt of orthoantimonic aci . . ’ 

the melt is dissolved in a little water and allowed to crystallize, de iqucst en ci . 

of potassium pyroantimonate, K4Sb307, are formed. 

The ortho salt, which is first formed, is dccomjKised by water as o ows. 

2 KiSbOi + IbO 2 KOII + K4Sb30; 

By the action of considerable cold water (or more quickly bj rapid 
leas water) this deliquescent salt is gradually clmiiged into potassium < i 

K«Sbj07 + 3 11,0 2 KH .Sb04 + 2 KOH 

which separates out with 3.5 molecules of water as a granular powder, ddlicultly 
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soluble in cold water. It dissolves to a considerable extent in water at about 
40°-50'’ C; this solution is used in testing for sodium, as the sodium salt is very 
much more insoluble in water. 

On boiling K^HcSb-O: a long time with considerable water, it gradually takes on 
water, forming the easily soluble monometallic salt of orthoantimonie acid, 

KjHjSb-a -f HiO 2 KHsSbO^ 

which is obtained, on evaporating the solution, as a gummy mnA«t of the composition 
2 KHsSbO^ HzO, but on boiling the aqueous solution for a long time, more KOH 
is lost, wth the formation of amorphous orthoantimonie acid: 

KHiSbOi + II;0 KOH + HjSbO^ 

All antimonates arc decomposed by acids, amorphous antimonic acid separating 
out. 

The gummy, monometallic salts give an amorphous precipitation v.ith sodium 
salts, gradually l>ecoming crystalline, while the pota-ssium dihydrogen antimonate 
gives a crystalline precipitate immediately. 

The relations of antimonous to antimonic acids and of antimonites to antimo- 
nates are, on the whole, similar to the corresponding relations uith arsenic. In the 
higher state of oxidation the acid propertie.s arc more pronounced than the basic 
pro[>crties, but antimony, being lower in the same group of the periodic table, is more 
biisic than arsenic. 


Rvactinns in the ff’et Wav 

1. Hydrogen Sulfide precipitates from fairly acid solutions the 
orangc-red pcntasultifle: 

o Sl.-^^H f- 4. 5 HoS 10 H+ + Sb,S5 


Antimony pcnta.'<nlfide is soUj)>le in 12-normal hydrochloric acid, forming an- 
timony tnrhlDriih-, with deposition of sulfur and evolution of hydrogett sulfide: 

Sb.S, d- li IK’l — :3 ILS I + 2 S + 2 SbCh 

It al.--o di.v^olvcs (like the trisultiile) in alkali .'•ullides, and in alkalies and In am- 
moiiiiiin liNilfoxide, but not iti ammonium carbonate. By treatment with an alkali 
sulfide, a thi<>-.-alt is ol>tAine<l. 


Sb.Sj 4* 3 S 


2SbS,"“‘ 


which is decomposed by tlie addition of acids, forming the insoluble pentasulfide 
with evolution of hydrogen -sulfide: 

2 frl + G 3 IIuS T + Sb.Si 

.Vlkalies dissolve llic pentasulfide, forming tliio- and oxy-thio salts: 

Sb.Si -f G OH" ^ SbSr'" + SSbOr”” + 3 11:0 

2. Ammonium Thioacetate and Sodium Thiosulfate behave toward antimony 
solutions about the same as does hydrogen sulfide. 


Hydriodic Acid reduces autimonic compounds in acid solutions, 
witli separation of iodine (difTercnce from antimonous compounds): 



+ 21 " 


Sb-»^ + I« 
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4. Rhodamine B, or tetraethylrhodamine, gives a violet coloration with antimonic 
acid. 

Small quantities of iron do not interfere, but similar tests are obtained with mercurj', 
gold, t hallium , bismutb, molybdenum, and tujigsten. The dyestuff has the formula 

.NfC.Hi): 

.Cell/ 

CeHe-C' ;0 

I I ^CeH,( 

CO-O ^N(C,He), 

but the composition of the compound produced in the test has not been established. 
It is necessary for the antimony to be in the quinquevalent state, and this may be 
accomplished in the hydrochloric acid solution of a sulfide precipitate by adding a 
little sodium nitrite. 

Place on a spot plate 1 ml of the solution obtained by dissoKing 10 mg of the dye- 
stuff in 100 ml of water. Add 1 drop of the solution to be tested. If O..^ y or more 
of antimony Is present the original light red color of the lluorescent dyestuff will 
change to violet. 

5. Zinc, Tin, Iron, Aluminum, Magnesium, and otlior metals above 
hydrogen in the potential series reduce antimony eoinpound.'i to metallic 
antimony in acid solutions: 

5 Zn + 2 SbOr*" + 10 H+ 2 Sb + 5 Zn++ + 8 H,0 

If an antimony solution is placed in contact with platinum and zinc 
(both metals touching) the zinc dissolves but the antimony is d(‘i)osil(‘d 
as a black stain on the platinum. 

Zinc, however, unlike tin, iron, or lead, reduces some of the anti- 
mony to stibine gas, SbHa; 

4 Zn -H SbO*" ■ ■ + 1 1 H+ — 4 Zn+-^ + 4 IIoO -}- Shlh | 

If the stibine is generated in a Marsh apparatus (cf. p. and the gas is con- 
ducted through a red-hot glass tube, a mirror of metallic untiinony will be deposited, 
as with arsenic. But since stibine is much more unstable than arsine, and the anti- 
mony itself is much less volatile, the mirror is found nearer the heated place than 
is the case with arsenic — sometimes even before the hottest part of the tube is 
reached — since the decomposition of the stibine takes place at a much lower tem- 
perature than with arsine. 

If the stibine is allowed to escape from the tube with the hydrogen, it burns with 
a pale greenish white flume to water and antinmny Irioxidc. If a piece of glazed 
porcelain is held directly over tlie Hame. a de|M}siti«»n of metallic antimony is obtained 
which is unaffected by a solution of sodium hypochlorite ((Jifference from arsejiic). 

If stibine is allowed to act upon a solution of silver nitrate, a black precipitate of 
silver antimonide is formed: 

Sbll, -H 3 Ag+ AgjSb -t- 3 

SoUd aUver nitrate is turned yellow at first, then black, exactly the same as by 
arsine (cf. p. 165). 

If a mirror is produced in the Marsh test, antimony may !>e distinguislied from 
arsenic by the fact that the ansenic is easily di-ssolvcd by sodium hyjwchloritc solu- 
tion. Another method for distinguishing l>etwcen the two metals is as follows: 
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Detach the tube contaimog the mirror from the Marsh apparatus and pass hydrogen 
sulfide through the tube while heating gently in the reverse direction: arsenic is 
changed to yellow sulfide and antimony to orange sulfide. Pass a stream of dry 
hydrogen chloride through the tube and the orange sulfide will disappear but the 
arsenic sulfide will remain. 


Reactions in the Dry Way 

Antimony compounds impart to the flame a pale, greenish white 
color. Heated with sodium carlxjnate on charcoal, a brittle metallic 
button is obtained, surrounded by a white incrustation. 

Compounds containing oxygen are reduced in the upper reducing 
flame to metal, which is volatile and burns in the upper oxidizing 
flame to trioxide; the trioxide can be deposited on a glazed porcelain 
surface. If the depo.sit is moistened with silver nitrate solution, and 
ammonia blown upon it, it becomes black, owing to the separation of 
metallic silver: 

Sb.Oa + 4 AgNOa + 4 NHa + 2 H 2 O -* 4 NH4N03 + Sb^Oe + 4 Ag 

Antimony sulfide fused with potassium cyanide gives metallic anti- 
mony and potassium tliiocyanate: 

3 KC’N + Sb..S3 ^ 2 Sb d- 3 KCNS 

If the reaction takes i)laee in a bul]> tube, or in a stream of carbon 
dioxide, a regulus of metal i.s obtained and not a mirror as with arsenic. 

Heating with sodium carl>onate and potassium cyanide in a stream 
of hydrogen gives rise to an antimony mirror not far from the decom- 
position zone. 


Tin, Sn. At Wt. 118.7, At. No. 60 

Density 7.31. M. P. 232“. B. P. 2270“ at 755 mm 

Occurrence. — Tin d(>es not fircur free in nature, but mostly in the form of the 
dioxide, as tetragonal tinstone, or ca.'<siterile, isomorphous with rutile (TiOj)» zircon, 
and [)olinnitc (MuO,). 

Prnpvrtirs . — I in is a silver-white metal, wliich is ductile and malleable at ordi- 
nary tempenitiiras, l)Qt at low temperatures and near the melting point it is so brittle 
that it can be powdered. In «>rder to pulverize tin, heat it in a porcelain dish till it 
melts, remove the flame, and quickly crush tlie substance with a pestle. It soon 
cooLs to about 200“, l)ccomes l>rittlc, a!id yields a fine powder. 

The element owe-s its name to the -Vngki-Saxon word (in and its symbol to the Latin 
Word sfannio/i. It was known more than 0,000 years ago, and was obtained from 
Cornwall at an early date. About 180,000 tons of tin are produced annually, ^lien 
a piece of tin i.s bent it “cries,’' owing to friction among the crj'stals. 

Below 20“, gray tin is formed, and objects made of tin often deteriorate in cold 
weather owing to the formation of this allotropic modification. When once formed 
it spreads over the metal. Gray tin is often called, therefore, tin pest, and at low 
temperature the gray tin infccU the sound metal and makes it powdery. 
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Above 200^ orthorhombic tio crystals are formed which are hard and brittle. 

Tin forms useful alloys with many metals — sUver> brass, bronze, Babbitt metal, 
type metal, fusible metal, etc. 

Tin is soluble in hot, concentrated hydrochloric acid with evolution of hydrogen. 

So + 2 + H, T 

In the presence of platinum the solution takes place more quickly and at a lower 
temperature. Dilute hydrochloric acid dissolves tin, but very slowly. 

Nitric acid, of density 1.2 to 1.3, does not dissolve tin, but oxidizes it to metastannic 

acid: 

3 Sn + 4 HNOj + HjO 3 H2S11O3 + 4 NO t 
Cold. dUute nitric acid dissolves the metal very slowly, without any evolution of gas, 
for ming ammonium and stannous nitrates. 

In this reaction the tin is given two positive charges and a part of the nitrogen o 
nitric acid is reduced from a positive valence of five (toward oxygen) to a negati\e 
valence of three (toward hydrogen), thereby losing eight charges. Thus one mole- 
cule of nitric acid oxidizes four atoms of tin, and eight more molecules of nitric ^id 
are required to form stannous nitrate and one to form ammonium nitrate. le 
whole reaction may be expressed as follows: 

4 Sn -1- 10 UNO* -» 4 Sn(NOj)3 + NH*NOj + 3 HjO 

Aqua regia dissolves tin, forming stannic chloride: 

3 Sn -h 4 HNOa + 12 HCl 4 NO I + 8 HjO -t- 3 SnCU 

Tin dissolves in dilute sulfuric acid very slowly, but readily in hot concentrated 
acid, forming stannic sulfate, with evolution of sulfur dioxide: 

Sn -I- 4 HiSO. 2 SOi f + 4 HiO + Sii(SO.)a 

Tin forms two oxides: stannous oxide, SnO; and stannic oxide, SnO-. i. alts are 
known corresponding to both these oxides — stannous and stannic su ts. 'c 
former contain bivalent tin and the latter quadrivalent tin. lin i-' niore " ‘ 

properties than antimony, but stannous hydroxide is slightly uinpliotenc (c . p. J 
and the acid properties of stannic hydroxide are more pronounce . 


Stannous Compounds 

Stannous oxide (according to the way it is prepared) is either an ^ 

black powder, which, on being warmed in the air, like oil Ktannou.^ ‘ nu^fil 

changes to stannic oxide. By dissolving stannous oxide (or, bet or s i , ‘ 

Itself) in hydrochloric acid, stannous cliloride Is obtained, w lie I is u ^ 

of aU the stannous salts. This salt, with two molecules of water of crystallization, 

SnClj*2 HjO, is the so-called tin salt of commerce. , i- 

Fresh crystals of tin salt will dissolve clear in a little water; if more water ns uuata 
the solution becomes turbid, owing to the formation of a basic salt, 

SnCIi ■ HiO IPS HCl + Sn(OH)Cl 

which is readily soluble in hydrochloric acid. . 

The clear concentrated solution also becomes turbid on staii mg ui 
to the formation of the same basic salt: 

4 SnCl, -h O 2 -b 2 HiO 4 Sd(OH)C1 + 2 CU 

The chlorine, however, is not set free, but unites with some of the stannous , 

forming stannic ions; ^ .... , ora- 

Su-^ -I- Cl, -» + 2 Cl 
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If tm tetraclUoride is treated with metallic tin, the latter goes into solution and the 
former is reduced to stannous chloride: 

SnCU + Sn - 2 SnCU 

Consequently, in order to keep a solution of stannous chloride in the stannous 
condition, hydrochloric acid should be added to prevent the formation of the basic 
salt, and metallic tin to keep the solution reduced. 

Such a solution constantly grow-s more concentrated, owing to the gradual dissolv- 
ing of the tin. In order to keep a solution of stannous chloride at a deSnite concen- 
tration (only necessary for purposes of quantitative analysis) the hydrochloric acid 
solution should be kept out of contact with air in an atmosphere of carbon dioxide 
without the addition of metallic tin. 

Nearly all stannous compounds are colorless; the oxide (as already mentioned) 
IS black and the sulfide dark bro^vn. 


Reactions in t!w W^ct 1Toy 

1. Hydrogen Sulfide produces (in solutions which are not too acid) 
a brown precipitate of stannous sulfide, 

Sn++ + ns 2 -h SnS 

readily soluhit: in strong hydrochloric acid; therefore no stannous sul- 
fide IS iirecipitated if the solution is very acid. .Aiter diluting a strongly 
acid solution uitii water, however, stannous sulfide is completely pre- 
cipitated on saturating the solution with hydrogen sulfide gas. 

. tannous .'^uifide is insoluldo in aiiimoniu and ammonium carbonate 
(ditlerence from ar.semrj; also in colorle.ss ammonium sulfide (difference 
from arsenic an.l antimony) ; but is readily soluble in yellow ammo- 
nium sulfide, forming ammonium thiostannate: 

SnS f (XH0:S,-4(XH^).,SnS3 

If the solution of ammonium thiostannate is treated with any acid, 
ycliow stannic sulfido is precipitated r 

' ■ + 2 H+ HiS t + SnSs 

2. ^au Hydroxides |,roducc a H hite precipitate of gelatinous stan- 
nous hydroxide. 

Sii+'- + 2 0H'-^Sn(0H)3 

^tannite-^^^'^^^^' precipitant, forming alkali 

Sn(OH )2 + Oir H.O -h HSnOr 
The hydroxide i.s also readily soluble in hydrochloric acid. 

owiiiix o H ■' or "’hen very concentruted caustic alkali is used), 

owinj, to the sc-imration of cither ,net.allic tin or stannous o.xide (cf. p. 125): 
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From dilute potassium hydroxide solutions there gradually separates on standing, 
or more rapidly on heating, the black monoxide, 

HSnOr -» OH' + SnO 

and from quite concentrated alkali the precipitate is almost whoUy black metallic tin: 

2 HSnOr -♦ SnOr"+ H-O + Sn 

3. Ammonia and Alkali Carbonates precipitate the white hydroxide, 
which is not absolutely insoluble in an excess of the precipitant: 

Sn++ + 2 NH 4 OH Sn(OH):. -t- 2 
Sn-^^- + CO 3 " + H 2 O -^00.?+ Sn(OH). 

A large quantity of tartaric acid, more than is required with anti- 
mony, prevents the precipitation. 


4. Ammonium Molybdate in sulfuric acid solution is reduced and gives a blue 

color with stannous salts. ^ , r 

The test is more specific and can l;e used for detecting SnClj in the presence of 
SbCU if a precipitate of ammonium phospliomolylxiate is used instead of a soluble 
molybdate. First prepare phospliomolybdic acid by dissolving ammonium phospho- 
molybdate in aqua regia, evaporating to dryness, and reerystalli^ing the residue twice 
from water. Dissolve 5 g in 100 ml of water to make the phospliomolybdic acid 

solution. 

Moisten a strip of filter paper with the reagent, hold it for a short lime over vapors 
of NH,, and dry. Place a drop of the solution to be tested on the dry paper; a blue 
color will develop if 0.03 y of tin Is present (Feigl). The test paper can be kept in 

the dark in a well-stoppered, small flask. ,r . r 1 a 1 » * 

5. Ammonium Thioacetate precipitates tin completely as sulfide from hot, dilute 

acid solutions: ^ , .ra. 

CiHjOS" -h Sn^ + IliO -* SnS + HC:HjOi -|- H 

6. Bismuth Nitrate added in small quantity to an alkaline solution of a tin .salt 
gives a white precipitate of bismuth hydroxide wliieh rapidly changes U, black 

metallic bismuth: 

2 Bi-^ + 3 Sn02'" + 6 OH' — 3 SnOj" -h 3 H3O -f 2 Bi 

7. Dimethylglyoxime, (CH.),(CNOH)3 and Ferric Chloride react with stannous 
ions to form a wi coloration due to the formation of the complex ferrous dimcthyl- 

^ Th'e'^Uon Utween ferrous ions and dimethylglyoxime (p. 210) is very sensitive 
and has been obtained with 0.04 7 of iron. The stannous ion reduces the feme .on 

instantly, and then the ferroas ion reacts with the oxime. j 1 1 

Place 1 drop of the strongly acid stannous solution on a spot plate, ^ ^ 

O.l N ferric cldoride solution, and, after one minute, ^d ^ ‘f’ 

tartaric acid to prevent the formation of ferric hydroxide Make ® 

line with ammonia, and if 0.04 y of tin is present a red coloration will appear. 

8. The Gold Test is also sensitive. If to a solution of gold chlondo 
a solution containing a trace of stannous cUonde is added, finely 
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divided metallic gold will be precipitated, 

2 Au+++ + 3 Sn++ ^ 3 + 2 Au 

which appears brown by transmitted light, and bluish green by reflected 
light. 


9. Hydrogen Peroxide added to a neutral solution of stannous salt gives a white 
precipitate of stannic hydroxide on heating. 

10. Mercuric Chloride produces in solutions of stannous salts a white 
precipitate of mercurous chloride: 

2 HgCl 2 + Sn++ Sn++-H- 2 Cl' + HgoCL 

But if the stannous chloride is present in excess, the mercurous chlo- 
ride will be reduced to gray mercury: 

HgcCl^ + Sn++ — > Sn+^-H- + 2 CP + 2 Hg 

11. Mercuric Chloride and Aniline react with stannous ions to form finely divided 
mercury. 

The reaction 2 IlgCI, + Sn^ Sn^^- + Hg=Cl: + 2 CP is sensitive but the 
mercurous clilonde formed is white and not easy to see on white filter paper. In 
alkaline solution, the reaction takes place further and mercury is deposited even 
when an exce^ of mercuric salt is present. The solution can be made alkaUne 
b} adding alkali hydroxide or ammonia, hut aniline is better because its alkalinity 
IS .so sliglit that there is !cs.s clanger of interference by trivalent antimony. 

Dip a piece of paper in strong mercuric chloride solution and dry it. Place 1 

dr..p of the s ightly acid .solution to be tested on the dry paper, and upon the damp 

dpnt place I drop of aniline. If 0.6 y of .stannous tin is present, a black or brown spot 
Will form. ^ 

If the solution contains tin in the stannic condition, it can be reduced on a watch 
s^l.-uss Ijy a small piece of magnesium wire. 


1- Metallic Lead, as is evident from its position in tlie electromotive 
si'nes (cf. pp. d;i and 40), will reduce tin to the metallic state, but the 
rraction will stop as soon as the concentration of Pb++ becomes nearly 
as large as |hat oi Sn ; when the concentration of Pb++ is greater than 
tliat of fsn-^ tlie reaction will take place in the reverse direction. It 
requires a relatively low concentration of H+ to stop these reactions, 
since both tin ami lead are higher in the series than hydrogen. In acid 
solution, however, metallic lead will reduce Sn++++ to Sn++ (cf. p. 46). 

In acid solutions, metalUc antimony also reduces stannic salts to the 
stannous condition: 

2 Sb 4- 3 Sn++++ ^ 2 + 3 Sii"^ 

13. Metallic Zinc precipitates fin from both stannous and stannic so^ 
lution.s as a spongy mass, whieli adheres to the zinc: 

Sn++ + 2n ^ Zn-^ + Sn 
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The finely divided, spongy metal is easily soluble in strong hydrochloric acid; 
the experiment must not, therefore, be made in strongly acid solution, or the tin may 
be loosened from the zinc by the violent evolution of hydrogen and be redissolved by 
the acid. The test is best made by adding a drop of the (not too acid) solution to 
a piece of platinum foil, and then placing a piece of bright zinc so that it comes in 
contact with both the solution and the platinum. The tin is precipitated partly 
on the zinc and partly on the platinum,* in the form of a gray stain, which disappears 
from the latter as soon as the zinc is removed, provided the solution is still acid 
(difference from antimony). If the zinc is kept in contact with the acid until the 
evolution of hydrogen ceases, the tin stain wiU not disappear from the platinum, 
because aU the acid has been used up. On the addition of a few drops of concentrated 
hydrochloric acid to the platinum, the stain quickly disappears with an evolution 
of hydrogen. The reason why the tin is deposited on the platinum, notwithstanding 
the presence of acid, is that a galvanic current is formed by the contact of tlie zinc 
with the platinum, which flows from the zinc to the platinum; the platinum thus 
serves as a cathode, and the tin is deposited upon it. On removing the zinc the 
current stops and the stain disappears. 

14. Oxalic Acid precipitates white, granular stannous oxalate from neutral or 
faintly acid solutions of stannous salts: 

Sn+^ + HiCA - SnC,04 + 2 H+ 

Ammonium chloride prevents this reaction. A solution of stannous salt containing 
ammonium chloride and considerable oxalic acid is not acted upon by hydrogen 

sulfide. , , t 

15. Potassium Ferricyanide and Ferric Chloride added to an acid solution of a 

stannous salt give a precipitate of Pru.s.siau blue: 

6 lFe(CN)Bl + 8 + 3 Sn-*-+ -» 3 + 2 Fe,(Fe(CN)d) 

The reaction is sensitive but is caused by reducing agents other than slanmmf 
chloride. The ferricyanide ion is reduced to fcrrocyanide ion winch gives a bloc 

color with ferric ions. , . , . , 

16. Sodium Thiosulfate gradually precipitate-s the tin from solutions winch are 

not too acid. Sometimes the precipitate is chiefly stannous sullide. 

Sn++ + SiOr” + HjO — SnS + 2 


Sometimes the precipitate contains stannic sulfide and metii-stannic acid. 

0 Sn-^+ + 2 SiOa“" + 9 11:0 — SnS. + 5 H-SnOj + 2 S + 8 ll*- 
If the solution is very acid, a.nsiderablc thio.sulfutc must be luhicd, becaase of the 

S.0.-+2H^^S + I1.0+S0.I 
and, moreover, the S0» has a slight reducing effect with Sn'*"*'. 

3 Sn-^ 4- SO, + 0 11+ 3 Su++++ + H,S T + 2 11,0 


Stannic Compounds 

The stannic compounds fall of which are rolorles.s with the exception of the yellow 
Bulfide. SnS,) cannot be obtained by dissolving the oxide. SnO,. from wlndi t iej are 
derived, because the oxide is attacked with dilliculty by aciils. 1 Ik> 'ire <> ) ai 
iudircctly from metallic tin or from stannous coiniHjunds. 

^* In weakly acid solutions tin is precipitated chiefly on the zinc; in strongly acid 
BoluUoDSi chieily oo the platmum. 
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The simple stannic compounds are all, more or less readily, hydrolyzed by water, 
BO that the analyst almost never meets v-ith them. The nitrate, Sn(N03)o and the 
sulfate, Sn(S0«)8, are quickly decomposed in the cold, into acid and amphoteric 
stannic hydroxide. The halogen compounds are more stable, and are decomposed 
only by boiling with considerable water. For the reactions below, therefore, it will 
be assumed that the tests are made with a solution of stannic chloride. 

Stannic chloride is a colorless liquid, which fumes in the air and boils at 120® C. 
On adding a little water it solidifies, forming crystals of monoclinic hydrates, 
SnCli'SHjO, SnCh-SHjO, SnCU-SHjO. The salt with o HjO is used commercially 
as a mordant in dyeing. 

On adding more w’ater to these hydrates they dissolve, forming a clear solution, 
which on boiling (the freshly prepared, dilute solution) gradually becomes turbid, 
owing to the precipitation of voluminous stannic hydroxide: 

SnCh + 4 HOH ^■inCl + Sn(OH)« 

If the solution is very dilute it becomes turbid in the cold. The stannic hydroxide 
thus formed is not precipitated quantitatively, either in the cold or on boiling, because 
a considerable amount remains in the hydro.sol form. By “salting out” the hot 
solution (best with ammonium nitrate), the stannic hydroxide may be completely 
precipitated. 

A solution of stannic chloride cun be most readily obtained for analytical purposes 
by cliiorinating or brominating a solution of stannous chloride. 

On adding chlorine to a solution of stannous chloride, stannic chloride is formed 
in the cold: 

SuClj CI2 SnCIi 


Since, however, chlorine is colorless in a dilute solution, it is difficult to tell when 
the oxidation is complete: it i.s more easily ascertained if bromine is used. 

On adding strong bromine water, tlrni) by drop with constant stirring, to a solution 
of stannous chloride, the bromine color will disappear as long us any stannous chloride 
reinain.s unclmnged, and the .solution becomes colored by the bromine only when the 
oxidation is complete. The solution then contains a mixture of stannic chloride and 
stannic bromide: 

2 SnCb + 2 Bi'j —* SnCb + SnBr, 

.lust as platinum tetraclihjride combines with hydrochloric acid to form chloro- 
platinic acid, .so tin tetrachloride unites with hydrochloric acid, forming chlorostannic 
acid, lI;Sn(. und yields, like the former, beautifully crystalline, easily soluble salts 
with the alkalies, of which the amnuniium salt (XII,):|SuClc| is an article of com- 
merce, being known as “ pink salt.” The above-mentioned stannic chloride, SnCh, 
is Bometirnes designated as o-stannic chloride, to distinguish it from a compound 
(to be described later) known as ii-starinic chloride (stannyl cliloride). 


Treatment of Tin Dioxide 

Tin dioxide as it occurs in nature, and the artificially produced oxide after strong 
ignition, are both insoluidc in all acids. They can be brought into solution by the 
following methods: 

1. Fusion with sodium carbonate and sulfur, 

2. Fusion with caustic potash or soda, 

3. Fusion with potassium cyanide, 

4. Reduction by hydrogen at a high temperature. 
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(1) Fusion with Sodium Carbonate and Sulfur. — Place the drj’ substance in a 
small porcelain crucible, mix with six times as much anhydrous sodium carbonate 
and sulfur (equal parts mixed together), cover the crucible, and heat over a small 
flft r pp until the excess of sulfur has distilled off and burned. This operation requires 
about twenty minutes. Allow the crucible to cool aud then treat its contents with 
hot water, and filter if necessary : 

2 SnOi -{- 2 NajCOj + 9 S 3 SO* + 2 NajSnSj + 2 CO* 

If iron, lead, copper, or any other metal that forms a sulfide insoluble in water 
and ammonium polysulfide is present, it remains undissolved as sulfide, and is sep- 
arated from the tin by filtration. 

(2) Fusion untk Sodiinn Hydroxide. — Melt the sodium hydroxide in a silver 
crucible, placed within a porcelain crucible to protect the silver from the injurious 
action of the gas flame. When the fusion has become quiet, owing to the expulsion 
of all the excess water, cool somewhat and add the finely powdered dry tin dioxide. 
Heat until the fusion mixture is clear. After cooling dissolve the melt in water: 

SnOj + 2 NaOH — * NosSnOj + ILO 


Stannic oxide is not completely attacked by fusion with sodium or potassium car- 
bonate. 

(3) Fusion with PoUi^^ium Cyanide. — Melt some potassium cyanide m a porce- 
lain crucible, add the powdered stannic oxide, and fuse the mixture until the sepa- 
rated tin has melted together: 

SnOi + 2 KCN — 2 KCXO + Sn 


After cooling, extract the mass with water, filter off the tin, flatten it into foil, and 

dissolveitin concentrated hydrochloric acid. 

(4) lisduction in a Stream of Hydrogen. - Place the substance in a “of^' 

and insert the boat in a gloss tul)e, ojien at both ends, which is mode of difficultly 
fusible glass. Pass hydrogen through the tube in the cold until the air has been 
driven out, and then heat to dull rodne.ss until no mare water is formed, 

SnO, + 2 Il2-»2 lIjO -f Sn 


Finally cool and dissolve the metal in hydrochloric acid. 


a-Stannic Com|Kiundt» 

Reactions in the Wet W ay 

1. Hydrochloric and Sulfuric Acids produce in moderately con- 
centrated solutions of stannic chloride no precipitation, even on long 
standing (difference fix)in /3-.stannic compounds). In very dilute sul- 
furic acid solutions a precipitate of basic sulfate is sometimes obtained. 
In very dilute hydrochloric acid solutions, also, a slight turbidity is 
often formed, which increases on boiling the solution: 

SnCU + 4 H0H;=5 4 HCI + Sn(OH)i 

2. Alkali Hydroxides. — On adding caustic alkali to a solution of a 
stannic salt, a voluminous, gelatinous, white precipitate is obtained. 

SnCU + 4 Oir 4 Cr + Sn(OH)4 
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The precipitate has the above formula when dried in the air, and 
the formula HaSnOs if dried over sulfuric acid. 


The precipitate dissolves readily in an excess of alkali hydroxide, forming salts 
which are not derived from either of the above compounds, but from Hs(Sn(OH)#], 
which has itself never been isolated: ' 

Sn(OH)4 + 2 KOH -» K:[Sn(OH),] 

The hydroxide dissolves in ammonia also, but only in the absence of ammonium 
salts. By dissolving in alkali hydroxide, stannic hydroxide behaves as an acid, and 
according to Bellucci and Parravano,* the hexahydroxystannic acid stands in the 

same relation to chlorostannic acid as he.xahydroxj'platinic acid to chloroplatinic 
acid: 

HilPtCUj HjlSnCUl 

HslPKOH)*] H,[Sn{OH)e] 

The salts of hexahydroxystannic acid are designated briefly as stannates, or 
a-stannutes, to distinguish them from the d-stannates or metastannates, which are 
derived from the polymer (IliSnOi)* (see p. 175). 

The ready solubility of a-stannic add in cold dilute mineral acids is very character- 
istic. It dissolves promptly in hydrochloric, nitric, and sulfuric acids, behaving 
in thi.s respect, as a base. By boiling the dilute acid solution (particularly the sul- 
furic acid solution) stannic acid is reprecipitated, which is soluble in cold dilute 
acids provided the boiling has not been continued too long. In the latter case the 
d-stannic acid is formed, which is insoluble in dilute acids. 


3. Alkali Sulfates produce no precipitation in the cold (difference 

from stannyl cliioride), but on boiling all the tin is precipitated as 
hydroxide-. 

4. Ammonia precipitates stannic acid from a solution of stannic 

chlorid(‘: tartaric acid prevents the precipitation (difference from 
/S-stamiic acid). 


o. Potassium Carbonate precipitates stannic acid from stannic 
chloride solutions; tlie precipitate dissolves completely in an excess 
of tlie reagent (difference from /3-staimie acid): 

SnCl., + 2 KsCOs + 2 H^O 4 K(’l -j- 2 COs ] Sn(OH )4 
Sn{OH)4 -f- K.COj KiSnOj + 2 HjO + CO- 1 

G. Sodium Carbonate behaves similarly, but the precipitate is not 
SO ca^sily dissolved l)y an excess. 


fJ-Slannic Compounds 

{Melastanmfes) 


Reactions in the U’et Jfay 

By the nxidrition of motaWir tin with hot nitric acid of density 1-3 stannic nitrate 

IS first formed, which, by boiling with water, is completely hydrolyzed, forming 
nitric lu-id and nietastannic acid. 


* Z. anorg. Chun., 46, p. 156 (1905). 



TIN 


175 


Metastannic acid is a white powder insoluble in nitric acid, and when dried over 
sulfuric acid has the formula HjSnOj. This is of the same empirical composition as 
the hydroxide precipitated by treating a stannic chloride solution with alkali 
hydroxide, though differing essentially from it in many reactions. 

Although the a-stannic acid (as already mentioned) is easily soluble in dilute 
mineral acids, the i3-stannic acid is practically insoluble therein. 

1. If the ^-stanmc acid is treated for a short time with concentrated hydrochloric 
acid, a chloride is formed which is insoluble in hydrochloric acid, but readily soluble 
in water. The solution contains the so-called fi-stannic chloritle (though the desig- 
nation stannyl chloride would be more suitable) of the composition Siu04Cli(0H),.* 

2. On treating the aqueous solution of stannyl chloride with hydrochloric acid, 
almost all the tin is reprecipitated in the form of a higlily chlorinated compound of 
the composition SmOkChfOUli • 4 HiO.f 

3. If an aqueous solution of stannyl chloride is heated to boiling, almost all the 
tin is precipitated as ^J-stannic acid, w'hich is insoluble in dilute acids. 

This differing behavior of the two acids, as well a.< of the two chlorides, can be 
explained as follo\vs: Silicic acid, which is clo.«ely related to stannic acid, e.xi.sts in 
innumerable silicates in different polymeric forms. Tliu.s, with the minerals of the 
pyroxene and amphibole groups, wolbjstonite, CaSiOj, is a derivative of ordinary 
metasilicic acid, and tremolite, CaMgaSi^Oi-.-, is a derivative of (H.SiOj)i.t It is 
highly probable that the stannic acid can exist in aimlogous polymers. One of these 
polymers apparently corre.«ponds to the comi>«)sition (Il;SiiO})». 

If such a compound is treated with hydrochloric acid, the hydroxyl groups will, 
first, be replaced by chlorine, and acotnpoiiiid will be obtained containing tin, oxjgen, 
and chlorine, e.g., SmOtCl.o. This hypothetical compound of the d-stannic acid is 
hydrolyzed, forming different chlorides of varying solubilities. Thus R. Engel 
found that the chloride Sn^OtCblOH)* is soluble in water; and Wdier showe<l that, 
from an aqueous solution of the latter, hydrochloric aci<l precipitates the compound 

The reaction which takes place on dL-^solving the d-stunme acid in hydrochlono 
acid and water may be expressed satisfactorily by the following equations. 

Sni04(OH),o + 10 HCl i=! 10 H:0 + SmO^Cho (insoluble in liCl) 

^eUnnic acid 
or 

Metastannic acid 

SiuO»CI,o + 8 H:0 pi 8 nci + SnACbtOII). (soluble in water) 
SnACl,(OH), -{- 2 IlCl Pf 2 lijO -I- Sn40.CI,(0H)* (insoluble m HCl) 

On boiling the aqueous solution, complete hydrolysis takes place: 

SnACh(OH),+ 2 IIOH — 2 IlCl + SmO^tOHlio 

If the j3-fitannic acid is treated for a long time with concentrated hydrochloric acid, 
the SnA group is finally broken down, and the tin goes into solution in the form of 

ordinary a-stannic chloride: 

Sm04(OH),o -1- 20 HC! -* 11,0 + 5 SnCl. 

Other reactions of stannyl chloride O-stannic chloride) uie. 


• R. Engel, C/icm. Ztg., 1897. pp. 309 and S-TO. 
t Weber, Jahuubtr., 1869, 214 and Pm- ^22, 358. 
i Goth, Tabellaruiche UtberaicfU d. Min., 1898, p. 148. 
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4. Alkali Hydroxide throws down in solutions of stannyl chloride a voluminoiis 
precipitate of /3-stanmc acid, which does not dissolve in an excess of the concentrated 
precipitant, but forms a /S-stannate easily soluble in dilute caustic potash solution: 

SntOiCUCOH)* + 2 KOH 2 KCl + SniOj(OH),o 

jS-Siaonic add 

Sn506(OH)zo + 2 KOH 2 HjO + Sn A(OK) 2 (OH)s 

PoULsaium /^staDoate 

By long treatment of the potassium /3-stannate with concentrated caustic potash, 
it gradually goes into solution, forming potassium a-stannate. This change takes 
place more readily by fusing /3-stannic acid with solid potassium hydroxide in a silver 
crucible. 

If a dilute solution of a mineral acid is added to the /3-potassium stannate, a volumi- 
nous precipitate is formed, consisting partly of d-stannic acid (insoluble in an excess 
of mineral acids) and partly of a-stannic acid (readily soluble in an excess of the acid). 
The latter compound is formed when a very concentrated solution of caustic potash 
was used in forming the potassium salt. 

5. Alkali Sulfates cause the same reaction as sulfuric acid. 

6. Ammonia also precipitates ^stannic acid, even in the presence of tartaric 
acid (difference from a-stannic chloride). 

.•\s we have seen, the a-compounds may be readily changed into Compounds, 
and conversely. The dilute aqueous solutions of the a-compounds are graduaUi/ changed, 
at the ordinary temperature, into [S<ompound3, but more quickly on boiling; thus stannic 
cliloride changes to stannyl chloride: 

5 SnCb -I- 13 H,0 -» 18 HCl + SniOtCUfOH), 

The 0-coinpounds arc changed into a-eompounds by boiling icith concentrated hydro- 
chloric acid or ivifh concentrated cawific potash. 

/. Ammonium Thioacetate precipitates stannic sulfide from hot, acid solutions: 

2 CzUsOS' + Sn++++ + 2 HzO — SnS* + 2 HC:H,Oi -i- 2 H+ 

8. Hydrogen Sulfide precipitates (from not too acid solutions) yellow stannic 
sulfide from both the a- and the (3-compounds: 

SnCh 2 HjS 4 HCl -|- SnSj 
SnACbfOri), + 10 H-S ^ 2 na -f 13 H:0 4* 5 SnS. 

From /3-stannic solution-' hj'drogen sulfide produces a precipitate, but very slowly, 
the SnSj remaining large • in the hydrosol form. By the addition of salts it is 
coagulated, pcparating out ,n a flocculent form, usually mixed with /3*stannic acid. If 
the stannyl chloride solution i.s heated on the water-bath in a pressure flask, the tin 
is quickly precipitated jis greenish yellow sulfide. .-Vlthough stannic sulfide is yellow 
when pure, it often appears biwn when precipitated with other metallic sulfides by 
hydrogen sulfide. 

Stannic sulfide is soluble in hydrocldoric acid; h 3 ’drogen sulfide will cause no pre- 
ciiritation, therefore, if the solution is very acid. If such a solution, saturated with 
hydrogen sulfide, is greatly diluted, the sulfide T\ill precipitate out. 

The 3 'cllow sulfide is the thio-anhydride of the thio-acid; it dissolves, therefore, 
in alkali sulfide, forming salts soluble in water; 

SnS; -i- (NH4)iS (NH.)sSnS, 

.•\cids precipitate from such a solution the yellow stannic sulfide 

SoS," -i- 2 -» HjS t + SnS, 
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The Eulfide is slightly soluble in ammonia but scarcely at all in ammonium car- 
bonate (difference from arsenic). By means of concentrated nitric acid it is easih 
oxidized to ^-stannic acid; or by roasting in the air it can be completely changed t<> 
tin dioxide. 

The sulfide obtained in the dry way, known as “ mosaic gold," is not attacked by 
nitric acid, and is also insoluble in alkali sulfides. It dissolves on treatment with 
aqua regia, forming stannic chloride with separation of sulfur. Like native tinstone, 
it is most readily brought into solution by fusing with sodium carbonate and sulfur 
(see p. 172). 

Tin has a distinct tendency to form complex ions from which hydrogen sulfide docs 
not give the sulfide precipitate. Thus oxalic acid prevents the precipitation of tin 
(35 to 40 parts of oxalic acid to 1 of tin). Similarly, hydrofluoric acid and phosphoric; 
acid prevent the formation of stannic sulfide. 

9. Mercuric Chloride produces no precipitation in solutions of stannic salt. 

10. Metallic Iron reduces stannic chloride to stannous chloride but not to the 
metallic condition: 

S,i++++ + Fe -» Fe++ + 

This reaction takes place even in the cold. It also takes place on boiling with copper 
or with antimony: 

2 Cu + Sn-^+-"+ — Sii^* + Cu,’* 

2 Sb + 3 Sn+-^+ -> 3 Sti** + 2 Sb-^ 

11. Metallic Zinc precipitates spongy, metallic tin: 

2 Zn + Sn^-*+-" Sn + 2 Zn++ 

If the zinc is in contact with platinum, the tin does not deposit upon the platinum, as 
does antimony, but upon the zinc. 

12. Sodium Thiosulfate precipitates a mixture of stannic hydroxide, st.'tninc 
sulfide, and sulfur when added to an acid solution <»f .‘^tannic salt : 

Sn-H-t-+ + 2 S,Or“ +2ILO-.SnS: +4ir + 2 SO,- 
Sn-H-+-t- ^ 2 S.Oj— + II^O — H:SnOi +25+2 SO, t 

13. Sulfuric Acid precipitates from solutions of staimyl chloride white slnniiyl 
sulfate, which on being washed with water is completely changed to d-starimc acid 
(difference from a-stannic chloride). 

Reactions in the Dry IT'ay 

If a tin salt is heated with soda (or potassium eyanidc) on char- 
coal, usually only a small malleable button is obtained, \vhich, on 
taking away the flame, is immediately covered with a white coating 
of oxide. This can be observed when the flame is allowed to play 
upon the fusion. If the product is crushed in an agate mortar, a 
small flake of metallic tin is obtained, which can be distinguished 
from silver and lead by its insolubility in nitric acid, and by its solu- 
bility in hydrochloric acid. This reaction is particularly suitable for 
the charcoal-stick test. The borax liead which has been colored pale 
blue by copper becomes a transparent ruby-red in the reducing flame 
if a trace of tin is added. This is a very sensitive reaction. 
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By heating stannous or stannic sulfide in chlorine, or by igniting it with a mixture 
of 5 parts ammonium chloride and 1 part a mm onium nitrate, complete volatilization 
of the tin as stannic chloride takes place. By using a stream of carbon dioxide which 
has passed through bromine, stannic bromide is formed and distils off. 

Ai\ tin compounds are reduced to metallic tin by heating with potassium cyanide. 

Hydrogen formed from zinc and hydrochloric acid in the presence of a soluble or 
insoluble tin salt imparts to the non-luminous flame of the Bunsen burner a character- 
istic blue color. The cause of this effect is unknown, but it is not due to the formation 
of zinc hydride as has been assumed. To carry out the test, which can be obtained 
with 0.03 y of tin, place the substance or solution to be tested in a porcelain dish and 
add considerable concentrated hydrochloric acid and a few pieces of stick zinc. Stir 
the mixture with a test tube containing cold water and hold the test tube in the non- 
luminous flame of the Bunsen burner. If tin is present, a blue flame mantle will 
form around the test tube. 


ANALYSIS OF GROUP H 

Gold and platinum are two well-known metals which really belong to this group, 
but they are seldom present in large Quantities in ordinary mineral analysis and 
the detection of small qu.'intitios is so important that it is customary to test for 
t hem separately ns will be explained in Part V. 

The metals of the second group are precipitated as sulfides by means of hydrogen 
sulfide in tlic presence of 0.3-normal mineral acid. The theorv governing the pre- 
cipitation of sulfides is discussed on pp. 25, 51, 210, 248. In 0.3-normal mineral 
acid, the concentration of sulfide ion.s, formed by the ionization of hvdrogen sulfide, 
is made so .‘^mall that the solubility products of the sulfides of zinc, nickel, cobalt, 
iron, and jnanganc.«e arc not reached unless large quantities of these elements 
are present in solution. In qufintitics up to 0.5 g of metal, zinc sulfide is the only 
one whieh is ;if all likely to preeipitale in acid of this concentration, and then only 
when it is c.nried down with a considerable quantity of .some second-group metal. 
The solul.ility product of lead .sulfide is about 4.2 X 10-« and that of cadmium 
sulfide is 3.(', X 10-« while that of zinc .sulfide is 1.2 X 10-=3. Compared with mer- 
curic sulfide, with its solubility produet of 4.0 X 10-«. lead sulfide is quite soluble, 

1 lut compared wit ti zinc sulfide, it i.« much le.s.s soluble. In precipitating these sulfides 
there is some tendency for the sulfide precipitate to cany down with it some of the 
metals of the succeeding groups partly by adsorption, but this tendency is so slight 
that even with zinc tlie test Ls usuaUy obtained in the proper place when as much as 

2 mg fire originally present. 

Ine solubilities of the sulfides of the second group vary so greatly that it is pos- 
sible to -separate them from one another by regulating the acid concentration so 
that enough .sulfide ions are furnished by hydrogen sulfide to precipitate one metal 
and not another. For the same ro.a.son, when hydrogen sulfide is passed into the 
lu'id solution, the most insoluble sulfide is precipitated first and very little, if any, 
of a more soluble .sulfide is fonned until the precipitation of the former is complete! 
In tlii.s rc-sficet the beliavior of ai-scnic forms an apparent exception; but this is 
due, a.s already pomted out ' p. 1-l.S). to the absence of an appreciable quantity of 
ar.-^enic cations in the solution of an arvcmite. The order in which the metaU are 
prc iintated as sulfide..^ from eohi .solutions, lus the arid concentration is progressively 
deere:isx-d. L^ipproximately .a., follows: arsenic, mercury, and copper; antimony, 
biHinutli, and stannic tin; cadmium, lead, and staimous tin; zinc, iron, nickel, co- 
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bait, and manganese. It will be noticed that zinc is placed a little in front of nickel 
and cobalt in this arrangement. This is the proper order for the precipitation, 
but after the sulfides have been formed a short time, nickel and cobalt sulfides become 
less soluble than freshly precipitated cadmium, lead, or stannous sulfide. 

The theory of the dis.solvlng of the sulfide.'^ is indicated on pages 210 and 240. 
The more soluble sulfides cun be dissolved by merely increasing the concentration 
of the hydrogen ion. Thus the sulfides of antimony, tin, lead, cadmium, etc., can 
be dissolved by treatment with concentrated hydrochloric acid. Heating the solution 
to expel hydrogen sulfide hastens the dissolnng, but the most effective expedient 
is to add an oxidizing agent, which oxidizes the sulfide ions as fa.st as they are formed 
in solution. Thus even mercuric and arsenic sulfides will dissolve readily on Ijeing 
treated with aqua regia or with bromine water. 

The method to be described for analyzing this group of cations is (hat worked out 
by A. A. Noyes and his students. The original precipitate of sulfides is treated with 
sodium polysulfide solution whicli dissolves the sulfides of mercury, arsenic, ajidinony, 
and tin, leaving behind the sulfides of lead, bismuth, copper, and cadmium which do not 
dissolve, except in small quantities, either iu sodium polysulfide or in ammonium 
polysulfide. 

Most of the sulfides of the copper group show a slight tendency to dissolve in 
either sodium or ammonium poly.sulfidc. Thu.'? 5 to 10 ing of CuS and O.-j to 1.0 mg 
of HgS may dissolve in ammonium poly.sullide. N<»ne of the sulfides, however, 
dissolve to any extent in ammonium monosulfide. In sodium polysulfide, of the 
concentration recommended, not mf»re than 1 mg of copper and bismuth sulfides 
dissolve under normal conditions; the other sulfides of tlic copper group are even 
less soluble in sodium polysulfide. The advantage of using sodium polysulfide lies 
in the fact that it accomplishes in most ca.'^es a cleaner separation of the tin group from 
the copper group than does animoniuin poly.-ulfidc. In the al>.'?eticc of copper, 
it is sometimes better to u-se ammonium .«ulfidc, rather than sodium sulfide, for 
Beparating the thio-acids from the thio-bascs. Wlicn this reagent is used, the HgS 
is undissolved, and goes into the copper group and is undissolved by the IINOj 
in Table III, § 1, The HgS is dissolved and te.sted with SnCb as described in 
Table IV, § 3. 


table IL — separation of the copper .\ND tin GROl'P.S 


Solution may contain cations of all the metals except silver and n.erc ous 
mercury. ^Make the solution OM-normal tn llCl and 

and examine the filtrate for Groups III, IV and V. 2 real the precipitate ivilh 
NaiSt solution. (1) 


R^iduc: PbS, CuS, 
Examine by Table 1 1 1 . (2) 


Solution: IllgS?] , (AsSi) 

Add net. GU 


Prc'cipit.itei llg^> A.sjS* 

SuS,, S. (4) 


» 1 - 




. [.'iiSd 


rillrate: N'uCl. 
litjccl. 


PUOCEDURK 


!♦ The filtrate from Group I .should liave a 
and Bbould contain about 30 inillicciuivalenls 


voIuiiK' about 100 ml 
of IK’l or IINOj (m’., 
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5 ml of 6 iV solution) or 50 milliequivalents of H2SO4. Pour this solu- 
tion, without paying any attention to any precipitate of BiOCl or SbOCl 
that may appear on diluting the filtrate from Group I, into a 200-ml 
Erlenmeyer flask which is provided with a two-holed rubber stopper 
carrying a right-angled tube that reaches nearly to the bottom of the 
flask. Introduce a slow current (about 3 bubbles per second) of H2S 
until, upon closing the second hole in the stopper and shaking the flask, 
the gas will no longer bubble into the solution. Filter, wash the pre- 
cipitated sulfides with hot water, heat the filtrate to boiling, and intro- 
duce H;S into the hot solution for 10 minutes longer. 

If a yellow precipitate of AsSi forms by this second treatment, filter it 
off,* add 5 ml of 12 N HCl and evaporate just to dryness. Add to the 
residue 10 ml of 6 N HCl, saturate with HjS while cold, then heat to 
about 80° and introduce II->S for 10 minutes longer. Filter off the pre- 
cipitated sulfide, wash it with hot water, and unite it with that originally 
ol>tained. ICxamine the filtrate for cations of Groups III, IV, and V. 
(Tables \'-VIII inclusive.) 

2. Iransfer the precipitated sulfides to a porcelain dish and add 3 
to 10 ml of sodium polysulfide solution. Cover the dish and heat 
gently for a short time with constant agitation. Dilute with 10 ml 
of vater, filter, and wash with hot water. E.xamine the residue by the 
method outlined in Tal)le III and the solution according to § 3. 

3. Add hydroclfloric a< id to the sodium sulfide extract until the 


stirred solution is acid to litmus, then add 1 ml more of G-normal acid, 
yhake well and filler. (If the precipitate is all sulfur, as can be deter- 
mined by comparing - color with that produced by adding 5 ml of 
ti-normal acid to 3 uu of sodium sulfide reagent diluted with 7 ml of 
water, it is unnece.'^sary to test for mercury, arsenic, antimony, or tin. 
In case of doubt, transfer the precipitate to a casserole and heat a short 


lime with 8 ml of G-normai XHiOH; this dissolves ai'senic sulfide read- 
ily and also small quantities of antimony and tin sulfide. Filter, noting 
liiat if mercury is present tiic residue will consist of black HgS and 
sulfur, togel her possiiily with small quantities of brownish black Bi.Sjand 
CuS. Unless the dark color is appai’cnt there is no need of testing 
further ^for mercury. To the ammoniacal filtrate, add 5 drops of 
(Xni).;b reagent, heat to boiling, and filter if necessary. Add 10 ml 
of water, acidify with hydrochloric acid, and shake well; the presence 
of arsenic, antimony, and tin will be shown by the color of any pre- 


If a precipitate of AsiS, is left in the solution it will eventually dissolve during 
the evaporation, by the HCl and HNO,, with formation of H».\sO. and H2SO.. This 
will t-aiise precipitation of as BaSO, w hich may be mistaken for sulfur. 
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cipitated sulfide, but it is necessary to remember that a mixture of 
antimony and tin sulfides gives a browm color in many cases.) Reject 
the filtrate and examine the precipitate, produced by adding hydro- 
chloric acid to the sodium sulfide solution, by the method outlined in 
Table IV. 


TABLE III. — ANALYSIS OF THE COPPER GROUP 


Residue from Table II: PbS. Bi:S,, CuS, CdS. Boil inth Z-mminl //.VOj nnH 
fdter. (1) 


Residue; S 
usually 
cootami- 
nated with 
negligible 
quantities 
of sulfides. 

R^'ect. 


Solution: Pb++, Bi-H-f, Cu++ Cd-H-. 
dilute and filter. (2) 


Add IhSOi. ovapornto, 


Precipitate: 

PbSO^. 
Dissolve in 
NH,OAc 
and add 
KiCrOi. 

A yellow 
precipitate 
of PbCrO* 
shows the 

f iresence of 
ead. (3) 


Filtrate: Bi-H-*-, Cu++, Cd-H-. Add XU, Oil in ex- 
cess and filter. (4) 


Precipitate: 

BifOlDj. Add 
N(hSnOt‘ 
Black residue 

isBi. (5) 


Filtrate: 

[Cd(NlL),)-*-'-. 

[Cu(N1I:)4)h-. 

A blue solution 
shows Cu. If 
in doubt, add 
IlCilliO^ and 
Ki[Fc(CN),\lo 
a small portion. 
Red precipi- 
tate >3 

Cih{Fc(CX)«). 
(6) 

To the larger part 
of the solution add 
IlzSOt and I'c. 
Filter and naturatc 
the filtrate with 
IliS. Yellow pre- 
cipitate shows 
Cd. (7) 


PROCEDURE 

1. Transfer the residue from the treatment to a easserokyidd 

6-16 ml of 3 HNOa, stir and heat .dowly to boiling. After boiling 3 
minutes, filter and reject the residue. (In some c^es it may cousin 
nearly 2 mg of Ilg. It can be tested as described in (§3) of the 1 lo- 
cedure under Table IV.) Examine the solution by (2). 

2. To the HNOa solution obtained in (1) add 3 ml of 

and evaporate in a casserole until dense white fumes ^ 

evolved. If a large residue separates, add 2 ml more of the 18 
HjSO^. Cool the mixture and i>our it cautiously, a little at a time, 
into 10 ml of cold water in a test tube, cooling the tube after cay 
addition. After 5 minutes' standing, filter and wyh the 
with 2 N HaSO* and then with 6 ml of cold water. Examine the filtrate 

by (4) and the precipitate by (3). 
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Sometimes, when considerable bismuth b present, a part of the Bi b 
precipitated as basic sulfate on adding the water. Thb precipitate b 
not so finely crystalline as PbS04. If the precipitate appears to contain 
the basic Bi salt, treat it with 10 ml of hot 6 N HCl, add 3 ml of 18 N 
H2SO4, and repeat the evaporation. Then on diluting no precipitate of 
basic bbmuth sulfate should be formed, as the greater part of the Bi 
will go into the previous filtrate from the sulfuric acid treatment. 

3. Dissolve the PbSO^ precipitate formed in (2) by pouring small 
portions of hot 3 N ammonium acetate solution through the filter. Do 
not use more than 25 ml in all, and wash the filter with hot water after 
the addition of each portion of acetate. To the solution thus ob- 
tained add a few drops of KsCrOj solution and 5 ml of 6 i\r acetic acid. A 
yellow precipitate of PbCrOi shows the presence of lead. 

4. Neutralize the filtrate from the PIjS 04 precipitation (2) with 
NH40H, adding enough to impart a strong odor of NH3 to the solu- 
tion. A blue solution shows the presence of copper. A white precipitate 
indicates the presence of bismuth. Filter and wash the precipitate 
thoroughly with hot, dilute ammonium hydroxide. Examine the 
precipitate by (5) and the filtrate by (6) and (7). 

5. Pour througli the filter containing the well-washed precipitate of 
Bi(OH)3 a cold, freshly prepared solution of Na^SnOa. (Take a few 
drops of SnCla solution, aild 5 ml of water and NaOH solution in small 
portions until the precipitate of Sn(OII)2 dissolves.) An immediate 
hlnchening of the precipitate shows Bi to he present. (Cf. p. 125.) 

(). Take one-fourth of the filtrate from the Bi(OH)3 precipitation 
(4) for the copper test and the remainder for the cadmium test. For 
the copper test, make the ammoniacal solution acid with acetic acid and 
add a drop of KJ'''e(CN)6 solution. .4 red precipitate of Cu 2 [Fe{CN)^ 
forms if copper is present. 

7. To test for cadmium, add 6 N H;S04 to the ammoniacal solution 
until 5 ml in excess of the amount nece.ssary to neutralize the solution 
have been used. Heat to about 50°, add about 0.5 g of iron powder 
if copper was found present, and shake tlie mixture gently for about one 
minute. Filter, add a few drops of 0 X liSO* if the filtrate b turbid, 
and saturate at once with lES. A yellow precipitate of CdS shows 
cadmium to be present. If a black precipitate b obtained, due to the 
incomplete removal of the copper by the iron or to the presence of Hg 
if iron was not \ised, heat the precipitate with 5 ml of 3 HNO3, evapo- 
rate with 2 ml of 18 jV ri.;SO.i, tliluto with 15 ml of water, treat with 
iron ijowder again, filter, and saturate with H^S. By this treatment 
any ( u, Pb, or Hg is removed. If arsenic or antimony is present in 
the sample being analyzed it is always well to test thb yellow precipi- 
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tate with 10 ml of hot NH 4 OH containing a little (NH 4 ) 2 S to dissolve 
sulfides of arsenic, antimony, and tin. Instead of proceeding as just 
described, the following procedure is excellent: 

7a. If the ammoniacal solution is blue, add potassium cyanide solution until it is 
colorless, or only a few drops if the solution is already colorless. Pass hydropen 
sulfide into the solution for half a minute. A yellow pncipHak of cadmium sulfde 
is formed if cadmium is present. A red precipitate of (CSXH:): may be formed if too 
much HjS is added (p. 135). 


NOTE 

Sometimes a small black precipitate is obtained in tlie cadmium test; it is most, 
likely due to a little mercury or lead that was not properly removed from the solutioij. 
In such cases, filter off the precipitate, wash it with water until free from cyamde. and 
boU gently for five to ten minutes in a covered dish with alwut 1.5 ml of 1.. ’-normal 
sulfuric acid (6-normal acid diluted with four volumes of water). This serves to dis- 
solve cadmium sulfide, but will not dissolve coijper or mercury sulhdes and should 
convert lead sulfide into lead sulfate. Filter, dilute with three limes as much water 
and saturate with hydrogen sulfide. A yellow precipitate of cadmium sulfide will 
now be obtained if cadmium is present. 


TABLE IV. — ANALYSIS OF THE AU.'^ENIC-TIN' (IROI P 


Precipitate from Table II: HgS, .Vs;Si, Sli.Sj, SnS.. S, 


Htalwilh V2-nonnal UCl. 



Residue: HgS, As^S.,S. AddS!l,Oll. (2) 

Solution: IlSbCb. H.SnCU. ^ Dilute, 
heat atnl saturate with H;S. ( 0 ) 

Residue: HgS, S. 
Add net and 
KClOi. Test 

for mercury with 
SnClx. A pre- 
cipitate of white 
HgjCli or of 
g-ay Hg,Cl, + 
Hg shows the 
presence of mer- 
cury. (3) 

Solution: As.S« , 

AsSOj" • Keajm- 

rate ah>u}.st to dry- 
ness, add //AOj, 
evaporate again and 

culd NllfJIl. Tilicr 

if necessary, and add 
A white 
precipitate shouhl 

lie MgNIIiAsOi. 

Filter, wash the {/rc- 
cipiialc with a little 
water and add 
A^A’Ojand HCJhOi 
Red residue of 
Ag»A804 shows As 
is present. (-1) 

Precipitate; 
SbjSj. Dissolve 
in IICl and add 
metallic tin. A 
black dcpo.dt 
insoluble in 

NaBrO shows 
the presence of 

Sb. (0) 

Solution: ILSnCI*. 
Farlly ntutriili:e 

1 nnd test with IFS. 

; Di'iporatc without 
! /lilt ring and bal 
uilli metallic anti- 
mony. Test for 

stannous tin with 
HgVli. A white 
or gray preciihl ate 
.'•howsSn ispresent. 
(7). 


TROCEDUIIE 

1. Transfer the sulfide precipitate (drained as dry as possible by 
suction) to a te.st tube and heat it in boiling water fm t( 11 nimu t-s 
10 ml of 12-normal liydrochloric acid. Then introduee hydrogen .sul- 
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6de into the hot solution for one minute to precipitate traces of mer- 
cury and arsenic, slowly add 3 ml of water while stirring, and filter 
through a drj' filter, using suction. The filter should be placed upon a 
smaller hardened filter and should be fitted closely to the funnel. Wash 
the residue first with 6-normal HCl and then with hot water. Examine 
the filtrate of HSbCU and HsSnCle by § 5 and the residue for arsenic and 
mercury by § 2. 

2. Warm and stir the residue with about 10 ml of 6-normal am- 
monium hydroxide which dissolves the arsenic and does not affect the 
njercuric sulfide. Filter and wash this residue with dilute ammonium 


liydroxide. Examine the filtrate for ai'senic by § 4. 

3. Digest the residue of mercuric sulfide and excess of sulfur with 5 
ml of hydrochloric acid and a little potassium chlorate. Boil until the 
odor of chlorine disappcans, dilute to 15 ml, and add powdered potassium 
chlorate, a little at a time, until the black residue of HgS disappears. 
Boil the .'solution until it no longer smells of chlorine, but do not evap- 
orate, l)ecause IlgC'l) is volatiI('. Replace the acid that evaporates, 
dilute the chlorine-free liquid with 10 ml of water, and filter. To the 
filtrate add a few drops of SriC'lu .solution, then 2-5 ml more. A white 
prcapHalc of or a darker one containing some free Ilg, indicates 

the presence of mercury. 

■i. Evaporate the ammoriiacal solution of ammonium thioarsenate and 
arse natf; nearly t<.) dryness. This causes .some of the arsenic to precipi- 
tate as sulfide i>ut in a condition .such that it is oxidized by 6-normal 
nitric acid to arsenic acid. To the concentrated solution obtained by 
evaporation, adil o ml of 0-normal nitric acid and boil until the residue 
is entirely dissolved or only a little sulfur remains. Evaporate nearly 
to ilryncs.';, adcl 3 ml of ammonium hydroxide and filter if necessary. 
1 lie ai'si-nic is now present as ammonium arsenate. To the clear solu- 
ti<.)n add magnesium nitrate reagent, stir vigorously, and allow the 
mixfure to stand fin* .some time. A white crystalline precipitate of mag- 
ne.sium ammonium arsenate shows tliat arsenic is present. Filter, 
wash the precipitate ivith a little water, and pour over it a mixture of 
1 ml silver nitrate .solution and (> di-ops acetic acid. A dark red residue 
of sih'cr arsenate confirms tlie conclusion tliat arsenic is present. 

o. Dilute the solution Inirn {!) with water to a volume of 55 ml, and 

saturate with hydrogen sulfide at about 90°. Pass the hydrogen sulfide 

tliiough the iiot solution fra* eight minutes, to precipitate antimony 

sulfide, Sli.jSj. Filter and wash the precipitate with hot water. Test 
the filtrate for tin by (7). 

6. Iransfi'r tlie antimony sulfide precipitate to a small casserole, 

• lissolvo it in 5 ml of concentrated hydrochloric acid, heating if ncces- 
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sary. Unless a clear solution is obtained, add 5 ml of water and filter, 
rejecting the residue. Evaporate the filtrate to about 2 ml, cool, and 
add a flat piece of bright, mossy tin. After ten minutes pour off the 
liquid, wash the metal in water, and examine it for a black* residue of 
antimony. Pour upon it about 2 ml of freshly prepared sodium hypo- 
bromite solution.t Antimony, unlike arsenic, is undissolved by this 
treatment. 

7. As a preliminary test to see whether any tin is likely to be present, 
add just 4 ml of concentrated ammonium hydroxide to the filtrate from 
§ 5 and saturate with hydrogen sulfide. If no precipitate forms after 
ten minutes, it is unnecessary to test further for tin. If a precipitate 
is obtained, evaporate, without filtering, to a volume of 15 ml or farthci 
if the sulfide has not dissolved. Add about 2 g of powdered antimony 
and boil gently for two minutes. Filter and add at once 2 ml of hydro- 
chloric acid and a little mercuric chloride solution. A white oi gray pie- 
cipitate proves that tin is preseid. 


NOTE 

If the sulfide precipitate, obtained by acidifying the sodium poIy.-uMide .solution, 
consists chiefly of arsenic peiitasulfide, it is best to dL^olve the arsenic sulfide Iri^t 
by means of ammonium carbonate solution (p. U l). Then the residue of .sb..'?,, »n&,, 

and S can be e.^arnined for antimony niul tin. 

To detect the arsenic in the ammonium carbonate solutmn. add hydrocbloric 

acid, which reprecipitates arsenic pcntasulfide. Dissolve the sulfide us indicated m 

Table IV and confirm the arsenic test as described there. 


Quiz Questions on H^S Precipitation 

1. Into what four cla«e- can the reaction., of uual. anal, be divided? Give an 

2. If a aat. win. of H,S at 20« ia appro*. 0.1 n.olai, pn.uary .o.uxat.„M cons ^ ■ 

iU accondaryioniration const. iB 1.2 X compute iho value of |U ■ X y 

3. If the Sp of H.S i- 1.08 X 10-«. compute the IS) cone. ». a a.olal win. of IhS «h.ch .a 0.. .N 

Sr; r jr ; 

Writ* balanced aquations ciprcssing all the changes that take place and ccupute the ncr.nal conen. 

H* after the pptn, and reduction are cndc<l. i, q v in ii- iflfuit«iriiU>d 

6. Give the formulas of all the subsUnccs which arc hkely to ppt. when a win. 3 .\ .n II .s wturated 

znixt. of hydrogen and hydrogen eulfide? 

• A deposit of copper may be obtained here but is red or bimr ii in < oior. 
t Add NaOH soiuUon, drop by drop, to 2 ml of saturated bro.nn.e aater u . 
the solution becomes colorless or yellow, then add as many drops more of sod.uu, 
hydroxide solution. 



186 


HYDROGEN SULFIDE GROUP 


8. Write balanced equations showing the action of H*S on KMn04, I&CriOj, and FeCI, in acid 
soln. 

9. If a soln. of Bi*** is diluted with water, a white ppt of BiOCI is formed, but when HjS is intro- 
duced, the ppt. changes to black BitS}. Would the same be true of a suspension of Bi(OH)j? As- 
sume the Sp of BitS, to be 5 X 10-a and that of Bi(OH), to be of about the same order of magni- 
tude as Fe(OH)}. namely 1.2 X 10-“ 

10. From the Sp of ZnS (1.2 X ICH*) and the Sp of HjS (1.08 X 10"“) compute the H+ oonen. which 
cannot be exceeded in pptn. of 1 mg. of Zn as ZnS. 


Quiz Questions on NajSi Separation 


1. Give formulas of all the sulfides of the Cu and Sn group which are (o) yellow, (h) black or brown, 
and (c) orange. 

2. How much NaiS • 9 HiO (mol. wt. 240), how much NaOH (mol wt. 40) and how much S (at, 
wt. 32) should be token to make I I of reagent which shall be 3 ia NajS, 1 in NaOH, and 1 K in 
NatSi (formed by the action of NajS on S)? 

3. What happens when XatiSt reagent is treated with acid? Write the equation and show also what 
happens when NaiHgSt, Na>AsS*, XajSbSi, and NatSnSi are treated wth dil acid. 

4. How many ml of 3 X Nn«OH arc necessary to dissolve 0.50 g of AsiSt? 

G. How does a sulfide ppt. of the Cu and Sn group behave when treated with (NHi)jSi reagent in- 
stead of Nft^Sj reagent? When is it better to use the ammoniacal sola? 

0. Write balanced equations to show two stages in the hydrolysis of Na*S. Why is NaOH added 
to the reagent? Why is sulfur dissolved in the soln.? 

7. If a ppt of sulfides is treated with 8 ml of NatS reagent which is 3 N in NatS, 1 N in NaOH, 

and 1 iV in NatSr, how much 6 .V HCI should be necessary to cause complete repptiu of AstS^ SbsS» 
and SnSs? 

8. Compare the S conena. of 0.1 N H?S aoln., the same »oln. after it has been treated with an 
equal vol. of 0.1 N HCl. and of O.l \ Ui,S diluted with an equal vol. of 0,1 N NaOH. The primary 

*“ ^ secondary ionization the coast, is about 


, M • reagent is neccasaiy to diaaolve 0.5 g of Sn present as SnS? The reagent is 

1 A in iSe-> 2 . 

1(1. W rue c<|uatioiiB ezpressing the treatment of the sulfides of Bi, Cu. Sn and Sb with Na*Sj re- 
agent. 


Quiz Questions on Copper Group 

fidL for the anal, of the copper group, starting with the pptd. sul- 

r separately added to K.lns. of Bi***, Cu**. 

( .1 .amlll) ^ Not.- the oiTcct of an excess of reagent. Write balanced equations to illustrato 

yuur unaurrp. wv. • 

.Mn io "‘(m"'’ 'f- prifriplo. e.xplain (a) effect of a slight cxcaes of HrSO* on the soly. 
in LorrcolM^lin' ' ^ ‘liMolvcs in hot dU. HNO, bettor than 

4. J\ hat yol of V H-SO, i.s nec<Je,| for tho pptn. of 200 mg. of Pb** as PbSO.? 

f-’) Formation of a ppt. contg. Bi by adding NH.OH to a sola. 
^ M Action of NH, soli,, on dissolved Cd**. (d) Preparation of NaSnO* 

sob. (c) A. tio,. of t„ 0 :- - on B.(Oin, ppt. (f) Decolorization of CmNH,),** soln. by adding KCN. 

f Hi n s- T ' T' at C and 740 mm pressure, required to ppt. 0.500 

fi t)f Ui as Biiht from an n< id soln. 

7, Write cquatioiis to show tho action of hot. 3 A’ UNO, on a mixt. of HgS, CuS, and BbSp 


Quiz Questions on Tin Group 


1 Write balance, 1 equation, to show: (a) Reaction between IlgCl, and SnCb. (6) Action of 

soln ( T d li ri')''“'i' r^vv‘'' M8 (NOx>, reagent on AsOr" 

formincCI riR i t’'® PP»- f«>rmcd in (/) Reaction of HCI and KCiO, 

fonun.c ( ],. Uj) Reacu.m ui HCI and KCIO, forming CIO, 

2. Kxpium why me^lio !> p,.t... Cu but not Cd from dil. add solos. Mention 2 eases where the 
-ame principle ts uUhzed in the anal, of the tin group, and write equations to illustrate. 
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3. Arrange the demenU Sn» Pb and Zn in the ord«r in which the>’ occur in the reduction potential 
eeriee* If 8 b were replaced by Zn in the teat tor So, how would it be necessary to modiiy the pr> 
cedure? 

4. Reproduce the tabular outline of the procedure for analyzing the tin group. 

5. How b the eoly. of MgNH*A 604 affected by (o) hydrolj-sb, ( 6 ) presence of exceae KH 4 OH, 
(e) presence of aminonium salt, and (d) presence of acid? 

6 . Write balanced e<)uatioDe for: (o) The action of NaBrO on As. (h) Action of coned. HCl on 
SbtS^. (c) Diaeolving HgS in Na^ eoln« (d) Detection of Sru 

7* Write equations illustrating the Mareh test for As. 

8 . Explain bow you could tell the valence of As, Sb, and Sn in solus, of their salts. Write an equa- 
tion to illustrate each method of distinguishing. 

9. Write equations showing how, by the reactions used in the qual. scheme, ( 0 ) a stannous salt can 
be converted to a stannic compd. and vice rersa, (b) a Irivalent Sb cotnpd. can be change<l to a quin- 
quevalcnt Sb compd. and rice rerea, (c) tenalcnt As can be oxidized to quinque valent As and rice xcr$c. 

10. Complete and balance the foUownng equations: 

(a) HgS + KClOi + HCl (W AsjSi + NHiOH 

(c) H»As 04 + Zn + H* (d) SnCU"" + Sb (e) Ad& + KCIO, + HCl 



GROXJP m. AMMONIUM SULFIDE GROUP 

ALUMINUM, CHROMIUM, IRON, ZINC, 
MANGANESE, NICKEL, COBALT* 

Aluminum, Al. At. Wt. 26.97, At No. 13 

Density 2.70. M. P. 65S.7®. B. P. 1800® 

Occurrence. — Aluminum occurs very extensively in nature, principally in the form 
of silicates, of which the felckpare and micas with their decomposition products are 
important example.s: Ortlmcla.se (feldspar), K.-USuOs; kaolin (decomposed feldspar), 
n^.UjShO,; muscovite (mica), KILMstSiO^),. Impure kaolin is called clay. 

Among the most important minerals which contain alununum may be mentioned 
cryolite, NajAlF*; spinel, Mg.\l;04, or magnesium aluminate, which crystallizes in 
the regular system and is isojnorphous with magnetite, FeFezO*, and chromite, 
I'cCrjOi: alunitc, K.Vl3(S04)2(0H)«; aluminum hydroxide as hydrargillitc, Ai(OH)j, 
inonoclinic; bau.xite, IL.Vl.Qj; and dhusporc, H.VlOj, orthorhombic. 

Conindiim, AIA, is next to the diamojid the hardest mineral. Pure, transparent 
conuiduin often h.as a beautiful color and is classed with the precious stones. Thus 
the ruby, .■!ap[)hirc, oriental emerald, oriental topaz, and amethyst are nearly pure 
corundum cohired by .a little foreign oxide. Emery is an intimate mixture of corun- 
dum. magnetite, and iron sulfide. True topaz is Al2(F,0H)sSi04, turquoUe is 
Ali^OIUjFOi . Il-t), and garnet is chiefly Caj.\lj(Si04)8. 

I n jKirntion and Properties. — The metal takes its name from the Latin word 
nhimm -- alum, one of the first salts recognized. Aluminum is a white metal, very 
light and .-trong in comparison with its weight. It was first isolated by Oersted in 
I v2l I lilt dal not attain any mmincrcial importance until the discovery of its prepara- 
tion liy the electrolysis of aluminum oxide dissolved in molten cryolite at about KWO®. 
As a ••(inductor of heat it is ab<iiit half a.s good as c(»ppcr, and a.s a conductor of elec- 
tricity it is about lit) per cent ..s good as copper on the basis of cross-sectional area 
but twice .■(.< good as copper oi the weight basis. Aluminum in a fairly pure state is 
used for automobile parts, co >king utcusiis, and a.s a deoxidizer in the manufacture 
of sicil. One of Its mti.<t important alhiys contains 92.5 per cent aluminum and 
s |>(T cent cojiper. Duialiinii.i contains about 94 per cent aluminum, 4.5 percent cop- 
jier, 0.7-, p, r cent magnesium, and 0.75 per cent manganese. The cui rcnt price of the 
metal is 20-J.-. cents per jiound and about 1,700.000 tons of the ore are mined an- 
lunilly. .\luminum is only >(lii.;htly attacked by exposure to the atmosphere. From 
the pn.dtinn of this element in the electromotive series (p. 46), the metal should be 
attacked readily by the ntmospaere; the reason it is apparently unattacked has been 

[iievcdflui’ to its bccomingco.atedv\itha thin. Grmlyadhercnt, protective layer of oxide. 

.Murninum is trivalcnt in all its compounds; it forms only one oxide, AljOj, which 
i.K amphoteric. The metal dir.-^tilvcs in acid to fonn an aluminum salt and in caustic 
alkali to form a soluble aluminate. .-Vlurainum readily replaces the hydrogen of hv- 
.Irochloric acid, but it dissolves less readily in dilute Julfuric acid and becomes pas- 
siv.' when treated with nitric acid. One theory of the cause of passivity is the forma- 
tiiin of a closely adherent oxide film. 


1 he olcnicnis titanium and uranium were described here in earlier editions of this 
la, ok. but it seems l^ettcr to describe them in Part V. among the rarer metalp. 

I.S8 
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The action of aluminum upon dilute hydrochloric acid and upon aqueous solutions 
of caustic alkali is expressed by the foUowiDg iooic equations: 

2 A1 + 6 2 + 3 H. T 

2 Al + 2 OH" + 2 HjO 2 AIO 2 " + 3 H 2 T 


These are the proper solvents for aluminum. 

Aluminum salts are as a rule colorless, and those which are soluble in water show 

an acid reaction in aqueous solution, on account of their being hydrolyzed to a con- 
siderable extent. This explains the fact that on evaporating a solution of aluminum 
chloride in water we do not obtain aluminum chloride, but the insoluble oxide, or 

hydroxide: + 3 HOH Al(OH). + 3 HCl 


The property which aluminum possesses of forming alums is very characteristic. 
The alums are double salts of aluminum sulfate with the sulfates of poti^ium. «sium, 
rubidium, or ammonium, of the general formula R.\l(SO«)’ • 1- Hi , m \\ uc i 
represents one of the univalent metals just mentioned. Similar salts in which the 
aluminum is replaced by trivalent iron or chromium are also ca e a um-s. le 
alums crystallize in the regular system, usually in octahedrons. The common potas- 
sium alum is much less soluble in cold tlian in hot water. Thus 100 ml of water dis- 
solve 10.7 g of alum at 15® C and 283 g at 100® C. , . » n 

The sulfide of aluminum can be prepared only in the dr> vva> . ^ 

substance, which is decomposed hydrolytically even by cold N\ater in o i>t loyvu . 

fide and aluminum hydroxide: 

AliSj + 6 non ^ 3 H -R + 2 AKOH), 


Aluminum hydroxide is amphoteric; toward strong acids it 
toward strong bases it acts us an acid. 


plays the i)ai( of a base, 


Reactions in the If et tf'ay 

1. Ammonia produces a Kclatinuus precipitate of alummuni hydrox- 
ide, which, as a colloid, is somewhat .soluhle m water, IaiI insolubie iii 

the presence of ammonium salts: 

2 aI-h-*- 6 NH 3 + G H 2 O -> 2 A1(0H)3 + G NH i-*- 

The pronertv which the aluminum hydroxide shows of partly <li-s.snlving in water 

lilt properly wnicn vin. u When dis.<olvcd tliCV arc sometimes 

18 comtnoD to all colloidal substances (cf. p. O-D* ' * i / ’ i 

Baid to exist in the hydrosol condition, and when prccipitutc< as . 

The hydroBol form of aluminum hydroxide can be converted 
addUion of preferably ammonium salts. //, tkerefore u. " ^ 

aluminum from a solution by means of aiiiMionw. u:e take care la ' 

** The'heshly precipitated alurtenum hydroxide ie readiiy eoluhte 
but after standing some time in a salt solution, or after long 01 1 'B- 
difficultly soluble, so that it is ncces.sary to digest it with acid or g 
to bring it completely into Bolutioo. 

• This principle is iUustrated by the technical process of " salting out colloidal 
dyes from their solutions. 
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Tlie solubility product of aluminum hydroxide is so small that it is precipitated by 
ammonia even in the presence of ammonium salt but, because of its amphoteric na- 
ture, it l)egins to dissolve if the Ph exceeds 9. Al umi num does not show a tendency 
to form soluble complex cations with ammonia. 


2. Alkali Hydroxides produce the same precipitate as ammonia, which 
is, liowevcr, in this case soluble in excess of the reagent, forming an alkali 
aluminatc: 


A1-*-h--|-3 0H‘->A1(0H)3 
A1(0H)3 + OH" -> AJO 2 " + 2 HsO 


If dilute acid is added to a solution of an aluminate, there is formed 
at fii*st a precipitate of aluminum hydroxide, which dissolves on further 
addition of acid: 


AIO 2 " + H+ + H 2 O A1(0H)3 
A1(0H)3 + 3 H+ -> A1+++ + 3 HaO 


The aluminates arc also decomposed by boiling with an ammonium 
snlt * 

Aior + XIU+ -I- H 2 O -> ai(oh)3 + NH 3 1 


Aluminum hydroxide is soluble in neutral tartrates of the alkalies, so that in the 
picsciu'e of tartaric acid tlicn- will 1)€ no precipitation on the addition of ammonia. 
Consequently tlie alurnimun is present in sucli a solution not as simple aluminum 
cations but clucfly as complex iicgative ions; 

Ai(OH + cMLor" cji2(.uoH)or" + 2 H;0 


Many other organic Iiydroxy-acids and hydroxy-oompounds, such as malic and 
citric aciiis, .‘•iigurs, ami stai -hes, iiave the same effect of preventing the precipitation 
of aluiiiinuin hydroxide by ammonia. 


3. Alkali Acetates produce no precipitation in cold neutral solu- 
tion.'^, hut, ou lioiliiij; the .‘solution, a very voluminous precipitate of 
ha-sic alKinihiim acotate i.s formed: 

.\I' -f- 3 0 - 11 , 102 " — > A 1 C- 2 H 302)3 (in the cold) 

k^olublo 

/OH 

4- 2 HUH A1 - OH -i- 2 HC 2 H 3 O 2 (onboiUng) 

\ C'.HiOa 


If the solution is allowed to cool, the basic aluminum acetate redb- 
solves. lo iimk(‘ tljc reaction take place completely from left to right 
tlic solution must be hot and contain sufficient alkali acetate to keep the 
hydrogen-ion conc<‘ntration about 3 X 10-« (?}h = 5.5. Cf. pp. 49, 51, 
and 51). 

4. Alkali Carbonates precipitate aluminum hydroxide (hydrolysis): 

2 Al^-H- + 3 Co/- -j. non _ 2 Ai(OH)3 + 3 CO. T 
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5. Alkali Phosphates, e.g., NasHPO^, give a gelatinous precipitate 
of aluminum phosphate : 

2 HPO4" + Al-*^ AIPO4 + H.por 

or, on addition of ammonia: 

HPOr" + NH 3 + A1+++ AlPOi + NH4+ 


Aluminum phosphate is soluble in mineral acids, insoluble in acetic acid (differing 
from Ca, Sr, Ba, Mg), but readily soluble in sodium or potassium hydroxide solutions: 

AlPO, + 4 OH- AlOr + PO 4 + 2 H=0 

On boiling this alkaline solution (obtained in the last reaction) with ammonium 
chloride, a precipitate will be formed, consisting of a mixture of aluminum phosphate 
and aluminum hydroxide; barium chloride, on the contrary, will precipitate barium 
phosphate from such a solution and leave the aluminate dissolved. 

6. AUzarin, CuHjOiCOH)-, in afreshly prepared 0.01 per cent solution which isO.G- 
normal in acetic acid and 3-normal in sodium acetate, gives a red or pink color when 
a Uttle of it is added to a fresh precipitate of aluminum hydroxide. If a large pre- 
cipitote is to be tested, shake a little of the precipitate with filter paper pulp in a test 

tube and add about 3 ml of the alizarin reagent (Atack ). 

U 

0 o 


Sodium alizarin sulfonate, 


Oil , a yellow dyestuff called Alizarin 
SO,Na 


S, gives a red precipitate, or lake, corre-sponding to the formula .\l(CuH,Oj),. The 
lake is formed in ammoniacal solutions and is stable toward acetic acid The vnolet 
coloration produced by the action of OIL on the excc.^s of reagent di.siwans on 
adding the acid, and the color of the yellow dye reappears. 7 1 sol^ 

lion of the aluminum salt which has licen treated with an excess of NaO l to ..nn he 
aluminate anion, AlO.', add 1 drop of « 0.1 per cent solution of the >ello« d>e ;Uiz- 
arin S. Add acetic acid until the violet coloration disappears and 1 drop m addi- 
tion. If aluminum is present (0,65 7 in 1 drop) a red coloration appoan, uhich in- 
creases on standing; a precipitate forms if much aluminum is prc.Hcn . 

7. Tincture of Alkanna added to a neutral solution of an alummum salt gives a 
reddish violet color with orange-yellow fluorescence. In a dilute s..lution, clmra - 

teristic absorption bands are obtained in spectrum ana ysi.s. lo-id 

8. Aluminon. a trade name for the ammonium salt of aunnt r.curlK xjhc a id. 

C.ai,.0., givos a bright red lake will. al..™i....... salts. Similar, l'"‘ '*"8 . at ao “ cd 

.ak« are formed with heryilium yttrium, ^i'.um llild 

2u-comum, thorium, and possibly scandium. All fh<»c, P 
aluminum lakes, are dissolved or decolorized by adding a mo <ra ■ 
moalum carbonate. This is perhaps the most sensitive test lor “ ' " ' “ “ 

has ever been proposed and is best applied to a precipitate of Al(OI!), 

tained in the usual scheme of analysis. t ..r -t m ..rnmnninm 

Dissolve the AI(OH)i precipitate in 5 ml of N IICI; “ '7’,- After mixing 

acetatesolutionandSmI ofaO.l per cent aqueous aluminon solution. After mixi g 


* Chem. Zentr., 1916, I, 17(5. 
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well, make the solution ammoniacal with a mixture of NH^OH and (NH 4 )jCOj. A 
bright red precipitate persisting in the ammoniacal solution denotes the presence of 
aluminum. 


9. Ammonium Sulfide causes precipitation of the hydroxide: 
2 A1+++ + 3 S" + 6 HOH -> 2 Al(OH)3 4* 3 HjS t 


The aqueous solution of ammonium sulfide is in equilibrium with 
NH 40 H and HsS formed by hydrolysis. There are, therefore, enough 
Oir ions in a solution of ammonium sulfide to cause the precipitation 
of AI(0H)3. 

10. Barium Carbonate, suspended in water and added to the solu- 
tion of an aluminum salt, also precipitates the hydroxide: 

■J Al’ -* ^ + 3 BaCOa + 3 HOH 3 Ba++ + 3 CO 2 T + 2 Al(OH)3 


1 1 . Ether precipitates white, cr 3 ‘staliine aluminum chloride, AlCU • 6 H 2 O, from 
a coiiceiitraicd .solution which is saturated with HCl gas. Aluminum may be sepa- 
rated from l)cryllimu in this way. 

12. Morin, • 2 lIjO, the color principle of old fustic, a dyewood, gives a 

gffcii fluorc.-iccni-e wljen added to a neutral or acetic acid solution containing Al; 
AI\t'idljH: >3 is formed. To detect aluininuiii in the presence of interfering ions, 
jhIiI an cxc>‘:>s of Na* )1I to .•«orne of the solution, filter, take a drop of the solution on 
a blai'k spot plate, acidify with 2 .V IIQjlIjO}, and add a drop of a saturated solution 
of nioriii iu nie'li^ l ate»diol. A.s little as 0.2 y of aluminum will give the test (Feigl). 

Oxalic Acid and its salts do not form precipitates iu solutions of aluminum 
salt.'-. Tills helps to distingui.sh aluminum from certain rare earths of this analytical 
group (ceriuni. laiil liaiiuin. iK odyniium, praseodymium, and erbium) as well as 
from the jilkalint- earths. 


11. Oxine, ulii< h is flie trivial name for 8-hydrox>’quinoline, 


OH 

00 


, precipi- 


tates aluininuni hydroxynuiriolatc from acetic acid solutions which are buffered with 
sodium ae*;tate. 


].■). Potassium Sulfate added to a concentrated solution of an aluminum salt 
cau.'es tlie fonuali.m i)f p'.itn'li alum, KAlfSO*)* • 12 HjO. Crystals of similar alums 
can he formed w.tli other elements of the alkali group, particularly rubidium and 
I e<tiini. The la>t-nicntiiin( d element forms a difficultly soluble alum. 


II 11 

( ) O <■) 


li). Quinalizarin, (’hIUOj(()II);, 



on, is also a very sensitive 


II 


reagent for almninnni. I’lepaic test fi-aper by dissolving 10 mg of quinalizarin in 2 ml 
nf pyridine, diluting witli 20 nJ cif acetone and moistening ashless filter paper with 
the resulting soliiti<in, I’iaee a flinp of tlie solutitm to lie tested on the test paper and 
liold it for a little wliite nver the roiieentnitcd ammonia bottle and then over acetic 
acid fumes until the blue color of the aninionium salt of quinalizarin disapiwars and 
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the paper which has not been touched with the aluminum solution reassumcs the 
brown color of free quinalizarin. If as much as 0.005 y of aluminum is present in 
the drop of solution, the paper will assume a red*\iolet to reddish tint. Quinali^arin 
gives a blue coloration with beryllium ions which is the basis of another very sensi- 
tive test. The above test is useful for detecting aluminum in the presence of mag- 
nesium, 

17. Sodium Thiosulfate, Na:S 203 , completely precipitates the alu- 
minum as hydroxide on boiling: 

2 Al++f + 3 SoOr + 3 HOH ^ 3 S + 3 SO. 1 + 2 Al(OH)3 

The sodium thiosulfate, being a salt of a weak acid, serves to neutralize the 
ions formed by the hydrolysis of the aluminum salt, and the free H:S;Oj is so unstable 
that it breaks down into S and SO 2 ; equilibrium is disturbed by the precipitation of 
the Al(OH)j and S and by the escape of SOi gas. 


DETECTION OF ALUMINUM IN THE PRESENCE OF ORGANIC SUB- 
STANCES WHICH PREVENT THE PRECIPI I ATION BV THE 

above reagents 

The presence of tartaric acid or other non-vulutile. organic hydroxy-cumpoiind 
prevents precipitation with above reagents. To detc'cl tlie pre>eiice of aluminutn 
in such cases, add 5 to 10 g of ammonium acetate to tlje solution, heat to boiling, and 
treat with a fresh 2 per cent solution of tannin until the voluininou.s dirty-white or 
buff precipitate flocculates. The reaeti<.n is veiy dclieate, but zircofhuin and tliu- 
rium solutions give a similar precipitate. F<»r ibc (inal identilieatioti of aluinimini, the 
tannin precipitate should be filtered off, wju^hed. igmted, and te.-^ted on charcoal w it li 

cobalt nitrate (p. 194). . . 

A number of other elements react in the same manner with 
lution; precipitates of charaeterlstic colors an* ol>taincd (.'Ce Cr, le. \ . 1 1 . la. .M)). 

Treatment oj Insoluble .Uumhia 

When strongly heated, aluminum hydni.xide \usvs wat(>r mul form.s 
the anhydride, AI 2 O 3 , which is .scarcely soluhh* at all m l.ytlrucliluni- 
and nitric acids. In hot, concentrated sulfuric acid, containing a little 
water, it will dissolve after long digestion. Ignited alurnimini o.xule, 
as well as native alumina in the form of the minerals <-orundum, ruby, 
sapphire, and emery, are mo.st r<;adily brought into solution by fusion 
with potassium pyrosulfatc. The fu.rion is aceoinplislied in the lollowmg 
way: Take twelve times as mueli fused potassium acid sulfate as their 
is oxide to get into solution and heat it by itself in a .*-ilKa crucible 
over a small flame. The acid potassium .sulfate melts readily, at about 
300'’ C, gives off water (causing frothing), and becomes changed into 

potassium pyrosulfatc : 

2 KHSO 4 — H;0 + K.S.O; 


* Schoeller and Webb, Analyst, 64, 709 (1920). 
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As soon as the frothing has ceased, the transformation into potas- 
sium pyrosulfate is complete. Add the dry aluminum oxide to the 
crucible and continue heating until the melt begins to solidify (showing 
that a coasiderable amount of potassium sulfate, which melts much 
more difficultlj' than the p 3 TOSulfate, has been formed), then raise the 
temperature and continue heating until the oxide has dissolved clear in 
the melt. By lieating the pyrosulfate, SO 3 is given off, which at the 
high temperature is very active: 

K2S2O7 — > K2SO4 “b SO3 

If the heating is too rapid, much of the SO3 is lost. 

After the reaction is complete, the melt contains the aluminum as 
aluminum sulfate in the presence of potassium sulfate: 

3 K 2 S 2 O 7 + AI 2 O 3 Al2(S04)3 + 3 K 2 SO 4 
and both tlicse substances are soluble in water. 

Thfi iniiited aluminum oxide can also be brought into solution by fusion with 
cnustic Jilkalies; 

.VhO, + 2 KOII 2 ICAIO, + H 2 O 

TIuh lust opcrntioii is usually carried on in a silver crucible, never in platinum, 
which would be strongly attacked. 

Reactions in the Dry ff’ay 

Aluminum compounds, on being heated with sodium carbonate on 
{•liaicoul licforc the blowpipe, give a white, infusible, brightly glowing 
oxide, whii'h, when moistened with cobalt nitrate solution and again 
Ijcaled, becomes a blue infusible mass (Th^nard's blue): 

Co(X 03)2 CoO + N 2 O 6 T 

AI 2 O 3 + CoO -> C 0 AI 2 O 4 

In earrying out this test it is extremely important not to use an 
ex<“ess of cobalt nitrat«“, for this salt leaves black cobalt oxide behind on 
ignition ami wluui ;m exee.ss i.s present it entirely obscures the blue color 
of cobaltotis ahuninate. 

Tlie test i.s usually applied to a precipitate of aluminum hydroxide. 
A g(jod way to carry it out is as follows: Dissolve all or a part of 
the precipitate in 5 ml of 2 N HNO3. Add 5-10 ml of water, 2-15 
drc>i)s of 0.3 Cu(N() 3)2 solution, and 3 ml of 6 iV NH4OH. Filter, 

wa.sh the pre( ii)itate with water, and drain it as dry as possible with the 
aid of suctioji. Take up some of the precipitate wtli as little paper as 
po.ssible in a loop of platinum wire, moisten the residue with 1 drop of 
(•(meent rated sulfurie acid from a stirring rod, and heat at first carefully 
aiul fjiially very stit*ngly. Silica, the suhstaiice most likely to be mis- 
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taken for alumina, gives a fusible, shiny mass of CoSiOj, but alumina 
gives a dull, dark blue mass of CoCA 102)2 which is infusible.* 

All fused glasses, such as borax beads, sodium phosphate beads, etc., are colored 
blue by cobalt oxide. The blue color is also obtained with certain other infusible 
compounds containing no aluminum, e.g., alkaline-earth phosphates. 

Aluminum salts are not volatile, and do not color the flame. By 
ignition in the air, all aluminum salts, with the exception of the phos- 
phate and silicate, are decomposed, leaving behind tlie o.xide: 

4 AlCb + 3 O 2 2 A1-.03 + 6 CU 
2 AI(N03)3 ^ A1-,03 + 3 N 2 O 6 
Al 2 (S 04)3 -> AlA + 3 SO 3 


Chromium, Cr. At. Wt. 62.01, At. No. 24 

Density 7.138. M. P. 1600^ R. P. 2200“ 

Occurrence. — Chromium occurs in nature as chromite. FeCrjO«, isomorphous 
with spinel {see aluminum); as monoclinic crocoitc, PhCrO*; and as luxuiannitc, 
a double compound of lead-copper phosphate and basic lead clironiate, 
(Pb,Cu)*(P04)* • PbaOCCrO*)*. Furthermore, it is found in small quantities m 
many silicates, such as muscovites, biotites, augites, etc., and consequently in their 

weathering products, as in many kaolins, bauxite, etc. , , , 

The Metal and lie Oxides. — The name chromium is derived from the Greek word 
chroma = color and is appropriate because most chromium salts are colored. Iho 
element was discovered by Vauquelin in 1798. It is a crystalline metal slightly more 
grayish than sUver. When heated to 200-300“ in the air it burn.s to CrA. I is 
not a ductile metal and is non-magnetic. It finds considerable va^e in making alloy 
steels, many of which contain nickel. The so-called staitiless stee s contain b-14 
per cent chromium. Niclirome wire, containing about 80 per cent nickel and 20 
per cent chromium, is used for resistance wire in electrical beating units and for the 
triangles for supporting crucibles in the chemical laboratory. Chromium pla mg 
has. to a coDsid^able extent, replaced nickel plating as a protective coat.ijg for cm 
resistant metals. The metal can be produced (a) by heating 
ih) by the Goldschmidt thermite process in which the oxide is ^ 

powder, (c) by fusing CrCh ^-ith Zn, Cd, or Mg and KCI and .NaQ as Auxes t 
can also be produced by the electrolysis of aqueous solutions under suitable oond t o .. 

Metallic chromium is easUy reduced to powder. The metal dissolves n hjdro 
chloric, hydrobromic. hydriodic, sulfuric, and oxalic acids with evolution ^rogen 
and fomition of chroLus. or a mixture of chromous and oliromic sa U. The 
metal is easily made passive, however, by immersion in nitric ^ 

polarization. Passive chromium retains its luster in the air. 
acids, and resembles the noble metals. With oxygen chromium 
oxides: chromous oxide. CrO; chromic oxide, CrA: O ’ 

CrO.; and chromium peroxides corresponding to CrO*, Cr,0,. Cr,On. and Cr,0,. 

(cf. p. 202). 


• Carl Otto, /. Am. Chem. Soc.. 48. lOOi 0926). 
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The oxides CrO and CrjOj arc basic anhydrides, and, on being dissolved in acids, 
yield the corresponding salts, the chromous and the chromic compounds. Chromium 
trioxide is the anhydride of the hj^iothetical chromic acid, HjCrO^, and forms chro- 
mates with bases. The chromium peroxides have never been obtained pure; salts 
of percliromic acid have been isolated and analyzed. (Cf. p. 203.) 


/. Chromous Compounds 

Chromous oxide is known only in the form of its hydroxide, Cr(OH)j, which, on 
being dried, loses hydrogen and water, leaving behind chromic oxide: 

2 CrCOU). ^ Hi + HiO + Cr,Oj 

Like chromous hydroxide, all chromous compounds are e.xtremely unstable, being 
changed readily by contact with the air into chromic comp>ounds. Only the halogen 
compounds, the phosphate, carbonate, and acetate, are known in the dry state; the 
sulfate only in solution. The acetate, CrfCiHjOi)! • HiO, is a reddish bro^m, 
crysUilline substance, insoluble in water, but readily soluble in hj’drochloric acid. 
This solution, as well as that of all chromous salts, absorbs o.xygen with avidity, and 
is consequently used in gas analysis for the determination of oxygen in gas mixtures. 
Sijlutions of chromovjs compounds are obtained by the reduction of chromic com- 
pounds with zinc and acid out of contact with the air. 

On account of the instability of these compounds the analytical chemist will 
rarely meet them and further description is unnecessary. 


//. Chromic Compounds 

All chromic compounds cont:iiri cliromium as a trivalent element; they are colored 
either green or violet, and are :i«! a rule soluble In water. The oxide, hydroxide, 
phiisphnlf, (inh>iiIroH,i chlAiridi, utid sulfate, after being strongly heated in a stream 
of cjiilmn dioxide gas, aic in.^olublc in water. Violet chromium chloride, obtained 
in the dry way, is iiisoliil)lc in acids.; it dissolves rearlily in water containing a trace 
of chromous cliloiide. »»r in the presence of stannous chloride (tin and hydrochloric 
acid). Uy <iissiilving the grayish green chromic hydroxide in acids, green solutions 
arc always obtained, which on long standing become greenish violet or violet, but on 
boiling become green again. Chromic sulfate forms, with sulfates of potassium, 
ammonium, cesium, or rubidium, the so-called cbromc-alums, which crystallize 
in the regular .«ystcm. Thc.se alums, like all other chromic salts, react acid in aqueous 
solution (hydrolysis). 

( rystals are obtained by evaporation of the violet solutions; the green solutions 
eitlier give uncrystallizuble sirups or are changed into violet crystals. The addition 
of nitric acid favors tlie change of the green into the riolet modification. The color 
changes are partly due to dilTorcnt states of hydration and partly to the formation of 
complex cations. Often the green salt contains a complex ion. Chromium shows 
a great tendency to form coin[)lex ions with hydrocyanic and sulfuric acids, 
organic compounds containing hydroxjd, and with ammonia, amines, pyridine, etc. 
These eomplox compounds do not show many of the characteristic chromium 
react ion.*. 

Chromic sulfide, C r.Sj, can be obtained onl}’ in the dr}' way. On being treated 
with water it is decomposed quantitatively into hydroxide and hydrogen sulfide. 
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Reactions in the Wet Way 

1. Ammonia produces a grayish green, gelatinous precipitate of 
chromic hydroxide : 

Cr+++ + 3 NH^OH ^ Cr(OH )3 + 3 NH^+ 

Chromic hydroxide is somewhat soluble in excess of ammonia, forming a violet or 
p ink solution, particularly soluble when the ammonia is added to a liolet solution of 
a chromic salt, in the presence of ammonium salts. This is caused by tlm formation of 
complex chromic-ammonia cations, which, however, may be decomposed by boiling 
the solution until the excess of ammonia lias been driven oft', when the chromium is 
quantitatively precipitated as hydroxide. In order, then, to precipitate the ctiro- 
mium from a solution as hydroxide, it is necessary to precipitate at a boiling tem- 
perature, and to use as little ammonia as possible. 

By ignition of chromic hydroxide, green chromic oxide is obtained, wliich after 
strong ignition is insoluble in acids. In order to bring it into solution, it must bo 
fused with potassium pyrosulfate (cf. aluminum, p. or with an oxi<iizing Ilux 

such as sodium carbonate and potassium nitrate in a platinum crucible or sodiiiiu 
peroxide in a nickel or iron crucible, whereby sodium chromate is formed: 

2 Cr A -I- 4 Na.COj -h 3 0, 4 Na,CrO, -|- 4 CO . f 


If the product of this last fusion is dissolved in water, acidihed with hydrochloric 
acid, and boiled with alcohol, a green solution of chromic chloride will be olitained 
(p. 202), from which the chromium can bo precipitated as liydroxide with ammonia. 
By fusing with sodium carbonate and potassium nitrate in a platinum crucililo, the 
crucible will always be slightly attacked, so that a small amount of platinum will 
go into solution with the fused moss; it can be removed, after the treatment with 
hydrochloric acid, by passing hydrogen sulfide into the boiling solution, and tikeiing 
off the precipitated platinum sulfide. 


2. Alkali Acetates produce no precipitation in solutions of chromic 
salts, even when the solutions are boiled. If, however, coiisiilci- 
able amounts of aluminum and ferric salts ar<' present at tin* saim? 
time, the chromium will be preciintatcd almost iiuantitatively with the 
iron and aluminum as basic acetate. If cliromium preduniinates, 
only a part of the metals will be prci'ipitated as basic salts; the filtiatc 
will contain iron and aluminum with ehroinium. In (he preaenve oj 
chromium, the basic acetate separation is always unceilain. 

3. Alkali Carbonates, Barium Carbonate, Ammonium Sulfide, and 
Alkali Thiosulfates precipitate chromic liydroxide, as with alimiinuin. 

4. Alkali Hydroxides cause the same precipitation as aminoma; but 
the precipitate Ls readily soluble in excess of the reagent, foiininga gieen 

chromite: 

Cr-*-H- + 3 OH" Cr(OH)j; Cr(OH)3 + OH" CrO; + 2 11,0 

Chromic hydroxide behaves here as a weak acid. Tlie reaction 
is reversible, the presence of considerable water causing tlie reaction 
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to go from right to left, particularly at the boiling temperature. By 
boiling the dilute solution, complete hydrolysis takes place; the chro- 
mium is almost quantitatively precipitated as hydroxide (difference from 
aluminum). 

Chromic hydroxide often causes coprecipitation of other bases as 
insoluble chromites, particularly zinc, alkaline earth, and magnesium. 

The precipitation of chromic hydroxide, by any of the reactions 
here described, is also prevented by tartaric, citric, and oxalic acids 
and by sugar. Sometimes no precipitatiod at all is obtained, and 
the precipitation is always incomplete. Taninn produces a greenish 
precipitate when added to a boiling tartrate solution containing chromic 
salt and an excess of ammonium acetate. 

5. Alkali Phosphates give a greenish, amorphous precipitate of 
chromic phosphate: 

2 HP 04 ““ + Cr+++ CrP 04 + HjPOr 

Chromic phosphate is readily soluble in mineral acids and in cold 
acetic acid. On boiling the acetic acid solution, chromic phosphate 
separates out again. O.xalic acid prevents the precipitation of chromic 
phosphate owing to the formation of a complex chrome-oxalate ion. 

C. Hydrogen Peroxide. See page 202. 

7. Hydrogen Sulfide has no action upon an acid solution of chromic salt; 
the sulfide of chromium cannot be prepared except in the dry way and hydroly 2 es in 
c(uitact with wafer. In an alkaline solution containing chromite anions, hydrogen 
sulfide precipitates chromic hydroxide: 

2 CrOr + HiS + 2 HiO -» 2 Cr(OH)j + S“‘ 

Acid solutions of chromates and dichromates are reduced to chromic salt, and sulfur 
is precipitated (cf. p. 34). 

S. Sodium Peroxide and caustic alkali added to the solution of a 
cliroinic salt convert the trivalent chromium into the chromate ion 
in whicli the eliromium has a positive valence of six: 

2 CV+++ 4- 3 Na.O: + 4 OH' 2 CrOi" + 6 Na+ + 2 HjO 

y. The following four tests, which depend upon the preliminary conversion of 
the chromic ions to chromate or dichromate anions, are useful for the detection of 
\’ery small quantities of chronuum in a single drop of solution. The silver chromate 
or lead chromate test is given with G of chromium, the diphenylcarbazide test with 
0.2.) 7 of chromium in an alkaline solution and with 0.8 y of chromium when the 
oxidation takes place in an acid solution, and the benzidine test is given with 0.25 y 
of chromium. 

(a) Place I drop of the solution to be tested on filter paper, add a drop of strong 
sodium hydroxide solution, and hold the paper over bromine vapors. Then add 
1 drop of lead acetate or silver nitrate solution w'hich is strongly acid with acetic acid. 

> '*ilow PbCrO^ or red .AgjCrO, is precipitated. 
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(b) Place a drop of the acid solution of chromic salt upon a spot plate; add 1 drop 
of saturated bromine water and 2-3 drops of 2 N NaOH solution Make sure that 
the mixture is alkaline to Utmus. Mix well with a stirring rod; add a tiny crystal of 
phenol. 1 drop of a 1 per cent solution of diphenylcarbazide in alcohol, and finally 
2 N sulfuric acid, drop by drop, until the red coloration, produced by the reaction 
of the sodium hydroxide upon the diphenylcarbazide. disappears. Then, if cliromium 
is present, a blue-violet coloration appears. If manganese or wbalt is present, the 
test is obscured by the black precipitates formed by the action of bromine and 

sodium hydroxide Co(OII)3 and MuOCOH):. * i + nf 

(c) Place 1 drop of the acid solution to he tested upon a spot plate, add 1 drop of 
a iturated solution of alkali persulfate and 1 drop of 2 per cent sdter 

lion. After two minutes add 1 drop of alcohol, c d.phenylcarbaz.dc sol'd'"". ^ 

violet or pink coloration will appear if cl.ro.ni,,m is present. , Sion B the 
with this test since purple MnO.’ is formed by the i,eniulfate oxidation. Bj the 

addition of a little sodium azide MnOr is reduced and the 

W) Place 1 drop of a fairly strong and fresl.ly prepared aqueous soliitian “dn"" 
peroxide upon filter paper and cover this with a drop of llie solu ion to he tested 
lie Cro“ - Irmed wfil be drawn liy capillary attraction to the outer zone of 

the spot and can be detected tl.ore liy adding a drop of a ” 

acetic acid. A blue ring of henzWiiic Mac is formed. Benz.d.ne, C,illi(NH=). or 

Nli., is oxirlized to a .s„-ealled partial ,|nin„noi,l eo,n|)„nnJ, 




in whieh^e molec^drot amine and one rnoleeule of imine are combined ivl.l, two 
equivalents of acid: 

2HN ,_/"^Nll. + 2IlCill.0.i+0-.H=0 + 




;hiN<>-^n... ■ ->0=0 = 

1.1 r^e^tvMTiir tho test when vunudiuni or inunganeoc is 

Preceutioiid must be taken in apponh 

present. 

///• Cfiromates 

nu ■ * ■ ■ 1. rvo fonas red or.lmrhombic needles uhich dissolve remlily 

Chromium trioxide. CrO,. ,„.u.ndi/.od with pi.tn.sMiun 

in water to an orange-red solution. If t us M) u !<• > potas.Miiin suit 

hydroxide, it becomes yellow nnd on ^ of pota-vium eliroiiiale 

of chromic acid, Il-CrO,. i.s obtained. „ra„^o-red pri.<tns of trielinic pc)tas.Moiii 

U acidified, and then uII<Ave.l to cr>>:tall /e, orange icu | 

dichromate crystals, KjCr^O,, are forme' . contains ei>loi-le.<.< potiLssiiiin 

The aqueous solution of potxs.'fiuiii c iroina . * . /• .lichromate, 

ions J yellow CrO.'^ «nio"s; -I'-; the nrange-reil 

K,Cr,Or. contains, in the pre.sence of the i 

Cr,Oj" anions; K^Cr^Oj 2 K+ + CrA“ 

. . frr.m the color of a chromate .solution the 

We arc able, therefore, to detorinine 

nature of the chromate ion whieh is pu-enl. j i,ut only the et.ne.-poi'il- 

The free acids. lUCrT., and ILCr/). dnomunn t.ioxi,le 

ing anhydride. CrO., which is very CrO. + MX) 

disBolves in water, the following rea.-t.on takes place. -t 
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The first hydrogen of this acid belongs to the class of very strong acids (cf. p. 11) 
and consequently the greater part of the HjCr04 undergoes ionization as fast as it is 
formed: HjCrO* ^ H'*' + HCr04'. The second hydrogen, on the other hand, cor- 
responds to that of a very weak acid, and we may say that in the presence of hydrogen 
ions HCr04 is scarcely ionized at all. The HCrO*', however, enters into the follow- 
ing equilibrium: 2 HCr04 HjO -f- CrjO; . The presence of hydrogen ions 
favors the formation of the dichromate ion, and the presence of OH" ions will cause 
dichromate ions to disappear and yellow Cr04" ions to take their place: 

Cr.O," -H 2 OH" 2 CrO*" + HiO 

Remark. — .\lthough we may judge as to the color of the ions from the color of 
the solution, and often predict what the color of the solid salt will be, yet, on the 
other hand, \ye cannot tell what the color of the solution wiU be from that of the 
salt itself. Yellow lead iodide dissolves in water to a colorless solution, and the 
yellow and red iodides of mercury, although only slightly soluble, abo do not jield 
colored solutions. 

// the solution of a sail is calorcd, the sail itself is usually colored; but the reverse is not 
aluays true. 

All chromates are insoluble in water, except those of the alkalies, calcium, stron- 
tium, and magnesium. All chromates dissolve in nitric acid, e.xcept fused lead chro- 
mate, wliich dis-solves with difliculty. 


Formation of Chromates 

All chromium compcmtHls may !«* readily o.vidized to chromates. According to 
whether the compound is si>lui>lc in water or not, different methods are used to effect 
tlu' oxidation. 

T he student should not attempt to memorize a large number of chemical equations, 

but he .shouht .strive to l)eeome able to express hb chemical knowledge in the form 

of e(|mitions or equilibriiun cxpies.-^ions. To balance equations representing the 

oxidation of chromium, it should be remembered that the chromium is changed 

roin a positive valence of tl.iec fin the form of chromic cations or chromite anions) 

to a positive valence of si', (in Iho form of chromic acid, chromate, or dichromate 

ions). When the oxidation takc.s place by mean.s of halogen, a halide is formed and 

(he halogen i.s changed fiom the nouiral condition to the form of a negative ion with 

unit charge. When hy|)„chlorito is the oxidizing agent, the unit positive charge on 

(he chlorine al.iin is lost and a unit negative charge takes its place, which corresponds 

to the los.s of two positive charg. s. .-Similarly, lend peroxide and hydrogen peroxide 

have an oxidizing power corresponding to the loss of two unit charges of positive 
clectricitv. 

to 

The valence of the chromium in the anions CrOY, CrO,”, and Cr-O," b found, in 
lu cordancc with (he rule given on page 2S. by subtracting the charge of the ion from 
t ie product (shtained by nmltipiying the imml)er of oxygen atoms present in the 
if n b> its valence of two. In equilibrium expressions it is important to make sure 
It at the algcliraic sum of the po-iitivc and negative charges on one side b exactly 
the .'^ame a.s (he algebraic sum of (he charges on the other. With a little practice it 
i> \cr\ easy to deterniine whether hydrogen ion.s, hydroxide ions, or water molecules 
an: required to make the equation balance. 

O.rifia(ion in alkaline solutions is tfftcled: 

'«) By halogens. If sodium or potassium hydroxide b added in e.xcess to a 
solution of a chromic salt, and chlorine or bromine is conducte<l into the solution, the 
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oxidation wiU be complete in a few minutes: the green chromite becomes yellow 
chromate. ^ ^ ^ 3 _ 2 Cr04‘' + 6 CU + 4 H2O 

Chromic compounds can also be oxidized by halogens in the presence of sodium 
acetate, the reaction going extremely slowly in the cold, but very quickly on warming: 

2 0-^+ + 3 Cl* + 8 HiO -* 2 CrO*’" + 6 Cl" + 16 

The sodium aceUte greatly lowers the concentration of the hydrogen ions and 

causes the reaction to proceed from left to right (cf. p. 49). 

(6) By hypochlorites (sodium hypochlorite, chloride of lime, etc. ) : 

2 CrOr -H 3 OCl" + 2 OH" -» 2 CrO," + 3 Cl" + H2O 

(c) By lead peroxide. The alkaline solution is boiled with lead peroxide : 

2 CrO*" + 3 PbOs + 8 OH" -* 3 FbO*"" + 2 CrO* + 4 HjO 

(d) By hydrogen peroxide, 

2 CrOr + 3 H:0* + 2 OH' -» 2 CrOr“ + 4 H 2 O 


the reaction taking place on warming. . , 

(e) By freshly precipitated manganese dioxide. The oxidation takes place 

boiling the neutral or slightly acid solution: 

2 Cr^ + 3 MnO* + 4 OH" -- 2 CrOr" + 3 + 2 H^O 

It is evident from this last equUibrium expression that the prince of 
ions should favor the oxidation and hydrogen ions should binder it. On the ^ 

hand, manganese dioxide is very jy ^ to obtain a sumcient 

therefore, to have the solution neutral or slightly acia in ok t 

concentration of quadrivalent condition for chronrium, 

In Mid solutions the chronuc cation is the • P/tnHition In acid 

but in alkaline solutions the chromate union ih le 

solutions, therefore, it is easy to reduce a chromate <. chn.imc salt, and in 

solutions it is easy to oxidize a very energetic oxidizing 

Oxidation in acid solution may be effected y cniliuin l>ii«muthatc 

agenta auch aa concentrated nitric acid and potaas.nm clJorate, .od.u.n loKmuthutc 

(or bismuth tetroxide), or potassium permanganate. 

2 Cr+++ + 3 NaBiO, + 4 CrA"" + 3 Na+ + 3 Bi-^-^ + 2 * 

In carrying out this -tion ^he « shc^d 

Oxidation in acid solution i^‘pUur^l^y fo^ unstable 

little silver ion is present as catalyst. ^ ' 

bivalent silver ion or an unstable silver pcroxi e. 

2 Cr«-* + 3 S=0.- + 7 HrO - CrA" + G SO." + 14 H 

With an inaolublo chromium compound, such aa 
or the nrinend chromite, the oxidation i. ^ ™ il ci.lorate, or 

xiC ?h:t:::: — .'..ua obtained arc » 

deep yellow color, and are readily soluble in water. 
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Reduction of Chromates 

Chromic acid, chromates, and dichromates are strong oxidizing agents in acid solu- 
tions. The oxidations take place even in very dilute solution, and for this reason 
potassium dichromate is often used in quantitative analysis, the quantity of reducing 
agent being determined by the volume of potassium ^chromate required to react 
with it. Ferrous ions, sulfurous acid, hydrogen sulfide, and hydriodic acid are 
oxidized at ordinarj' temperatures. Oxalic acid and alcohol are oxidized slowly 
at the laboratory temperature and very quickly on heating the solution; hydro- 
clUoric acid and hydrobromic acid only when the solution is hot. The original 
orange solution is changed to green, the color of chromic ions.' 

CtsOi"" + 6 Fe-^ -I- 14 H+ -* 2 Cr-^ + 6 re+++ -f- 7 HiO 
CrA"" + 3 SO," -I- 8 H+ 2 Cr+++ + 3 SO." + 4 HsO 
CrA"" + 3 H,S -h 8 2 Cr-^++ -|- 3 S -i- 7 H*0 

CrA” + 3 H,C A + 8 -► 2 Cr+++ + 6 CO, f 7 HaO 

CrA"" -1- 6 r -I- 14 2 Cr-*-++ + 3 I, -|- 7 H-O 

CrA”' 4- 6 HCl + 8 H+ -» 2 Cr-^ + 3 Ch T -1-7 H,0 


Since thU last reaction takes place only on warming, it furnishes us with a conven- 
ient method for preparing small quantities of chlorine for analytical purposes, because 
the evolution of chlorine cea.«es tis soon as the lamp is taken away. It is necessary, 
however, to employ an excess of hydrochloric acid, for otherwise no chlorine will be 
evolved ouing to the formation of potassium chlorochromate, KCrOaCi: 

CrA" -}- 2 HCl -* 2 CACP + HjO 


which is decomposed on adding more hydrochloric acid: 

2 CACr + 4 MCI + 8 -* 2 Cr"^ -f 6 H,0 + 3 CU t 

If alcohol and hydrochloric acid are allowed to act simultaneously upon a chromate 
(the reaction takes ))lace on gentle warming without the evolution of clilorine), the 
idcohol is oxitUzed t»» aldehyde: 

CrA" -H 3 CdLOH -h 8 H+ -»2 Cr^ + 7 11,0 -|- 3 CHjCHO 

Afdch>'de 


This last reaction is often used for reducing a chromate, because the aldehyde (recog- 
niziihlp b\' its peculiar aerial wlor) and the excess of alcohol are easily removed by 
boihiig the Solution, which then contains simply the chromium and the metal of the 
chruniiac a.s chloridp.s. 

B\ boiling chromate.-? with concentrated sulfuric acid, reduction takes place with 
evolution of oxvgen: 


2 K;Cr A -h S H:SO, ^ 2 KeSO, -t- 2 Cr-fSO,), -|- 8 H,0 -j- 3 0, t 


Pcrchromic Acids 

• 

The behavior ol free chromic acid toward hydrogen 'peroxide is characteristic. The 
chromic acid is converted into blue perchromic acids which are soluble in ether: 
lI:Cr().,, IlsCiOr. or H,,CrO.. 

If a cold, alkalhic solution of a chromate is treated with neutral hydrogen peroxide, 
the solution i.s colored red. owing to the formation of an alkali salt of perchromic 
acid, ILCiA; 

2 K;Cr04 7 HA 2 KOH -> 8 H,0 -f 2 K,CA 
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Little by little the red color disappears, with evolution of oxTgen, and the yellow 
color of the chromate returns: 

4 KaCrOs + 2 HsO — 4 KOH + 4 KjCrOi + 7 Oi t 

U a coW neiUral solution of potassium dichromatc is treated with hydrogen per- 
oxide, the solution is colored violet, owing to the formation of the potassium salt of 
a slightly different percliromic acid, IljCrOr. 

K.Cr A + 5 H.O. 3 H.0 -h 2 KHiCrO, 

Again, the violet color graduaUy disappears with evolution of oxTgeu and regeneration 

of the dichromate: ^ ^ . tt 

4 Kn2Cr07 -► 2 KjCrjOi + 5 O, t +4 IIjO 

If cither the red or violet eolotion, obtained as alrove described, is slmkei. will, 

ether, the ether remains colorless. ii.f. 

The behavior of chromate solutioas toward an excess of hydrosco .crox.de .a he 
presence of dilute sulfuric acd is T.b^-eub 

S Wu”::.“t:;Tel“aTc?:;sl,ort „m; and the solution turns «recu. owiu« to the 
conversion of all the chromium into the chromic condition: 

2 ILCrOio + 3 I 1 :S 04 -* Cr.(SO*)i + 10 HjO -|- 5 O 2 1 

This nerchramic acid is verv solulde in ether; if. therefore, the aqueous solution 
is Jltkcu with ctl,cr, the ether heeo.nes eolored a heaut.l.d blue. In fact, th,s ae.d 

is more stable i.. ethc.-eul „ic acid takes place so readily, 

S,uce the fonuatu .. of „l.iel. is uu.de as 

feZa Add a Zd.::: ,d dihde ‘sulfuric acid to 1 or 2 m, of hydro«o.. poroxl.h- ...^ 

shake with 2 ml o « mg of chromic acid, .he upper e.her h.yer is 

ZoZ’iuSely hiuc, .d ti.e reaetio.. is ..otiecahie will, o..iy 0.«)7 n.g of ehro....c 

ll^cZLtes a. e i...„u.,ie h. wah.r, a.ai ^ Zh:Z^'" Ti.:'Z t 

it is easiest to test -r ,y„^en rated hydrochloric acid (cf. p. 22:, j 

oxidizing constituents with MnCb m conctnuahvu j 

Ih easily obtained will) a clironiutc. 

Re..e.i....»/..r lh<- /'reei,.i.nfi..n of Chromic Acid 

1 Sulfuric Acid. - - dilute sulfiiri.- a,-i.l cmisos, at the n.o.st, a ci.a.ig.' 
of color from yellow to orange, wiil.oul any cv..luti..n ,,f 

Concenlraled sulfuric a.id caus..-s the cold 

1 I • a ion of rCU IlC celled OI 

ro or and t lero I8 ott<*n a scparauou ui icv* . , i • 

rflttn'on being l.caf.d hcc.,mcs grem, the chronuc acd heng 
reduced to chromic salt with evolution of oxygen. 

4 CrOs + 0 -» 0 H.O + 3 0, T +2 

2. Silver Nitrate producc-s in neutral chromate solutio.LS a l.rownisl. 
red precipitate of silver chioniute: 

CrOr“ + 2 AgsCrOi 
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soluble in ammonia and mineral acids (hydrochloric acid changes 
it into insoluble silver chloride and chromic acid), insoluble in acetic 
acid. If, to a moderately concentrated solution of potassium dichro- 
mate, silver nitrate is added, a reddish brown precipitate of silver 
dichromate is formed: 

CraO?”" + 2 Ag+ -> AgaCraOr 

which, on being boiled with water, is changed into the less soluble 
normal silver chromate: 

2 AgaCraO? + HaO -> 2 AgoCrO* + HaCraO; 

The presence of sodium acetate causes this change to take place in 
the cold (cf. pp. 49, 102 and 103). 

3. Barium Chloride produces in solutions of normal chromates a 
yellow precipitate of barium chromate: 

CrOr" + Ba++-^BaCr04 

soluble in mineral acids, insoluble in acetic acid. From solutions 
of dichroinatcs the precipitation is complete only on addition of an 
alkali acetate (cf. p. 204). 

4. Lead Acetate produces in solutions of normal chromates and 
dichromatf'.s u yellow precipitate of lead chromate, which is soluble 
in nitric acid but insoluble in acetic acid: 

CtO,- + Pb-H- PbCrOj 

’ + 2 PI.(C,II,02): + Ho 0->2 HCoHaO. + 2 CsHaOa'-l- 2 PbCrO* 

II lead nitrate is UM'd iiustead of lead acetate, the precipitation is not 
complete unle.s.s sodium acetate is added. 

•). Mercurous Nitrate produces in the cold a brown, amorphous 
l>r('cipitali‘ of in(*r<'ur<>us elu'omate: 

CrOT' + Hg 2 (N 03 ),-»Hg 2 Cr 04 + 2 NOa" 

w liidi on being boiled becomes fiery red and crystalline. 


Uehavior of Chromium Trioxule and Chromates on Ignition 

Chromnnn 1 noxide is decomposed on ignition into chromic oxide 
and oxygen, 4 CrOa— > 2 Cr-Oa + 3 Oa "f . Tlie chromates of ammo- 
nium and mercury bcliave (luite .similarly. Thus normal ammonium 
rhrom-ite on ignition is changed to chromic oxide, ammonia, nitrogen, and 
wotci , Ihe reduction of the cliromatc is favored by the reducing action 
of ammonia which is present in excess: 

2 (NHdA’rO^ -> 2 NTI, I + No f + 5 HoO t + CroOa 
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Ammonium Dickromaie evolves only water and nitrogen: 

(NH4)2Cr207 4 H 2 O t + No T + CrA 

T his decomposition takes place violently with scintillation. The 
chromic oxide which remains behind is very voluminous and reminds 
one of tea-leaves; consequently it is sometimes called “ tea-leaved 

chromic oxide.” 

Mercurous Chromate is decomposed on ignition into chromic oxide, 
mercury mpors, and oxygen: 

4 Hg2Cr04 ^ 2 CroOs + 8 Hg T + 5 O 2 j 

The Bichromates of the Alkalies are changed on ignition into normal 
chromates, chromic oxide, and oxygen: 

4 KzCrjOj 4 K 2 Cr 04 + 2 Cr.Oa + 3 O 2 j 


Reactions in the Dry If ay 


All chromium compounds color borax and salt of phosplionis 
beads an emerald green both in the oxidizing and reducing flames. 
Heated with sodium carbonate on cliarcoal before the blowpipe, all 
chromium compounds yield a green slag, which after long boating is 
changed to green infusible chromic oxide. By fusing with sodnun 
carbonate and potassium nitrate in the loop of a platinum wire, all 
chromium compounds yield a yellow melt of alkali chromate. 

2 CviOz + 4 Na2C03 -h 3 Oj 4 NaiCr04 + 4 CO 2 1 


If the fused mass is dissolved in water and acidified with acetic acid, 
the solution will give with silver nitrate a reddish brown precipitate of 
silver chromate. This reaction is very delicate and serves for the 
detection of minute traces of chromium, (doth which has been dyed 
with a chromium mordant can be tested in this way; the ash from a 
thread 5 cm long Ls sufficient to give the lest. 


Iron, Fe. At. Wt. 66.84, At. No. 26 

Density 7.03 ± 0.03. M. P. alwut 15.W’ ± 1“. P- P- 2450'' ± 50” 

Occurrence. - Native iron is rarely f.mnd. It occurs in basaltic rocks; also in 
meteorites, associated with nickel, cobalt. «irl>on. sulfur and phosphorus. 

The most important iron ores are the oxides and sulfides. Of thc.se maj be m. n- 

Hematite, Fe,0,. isoinorphous with corundum; magnetite, l-e,0,. i.soinorphous 
with spinel; goethite, FcHO:, isomorphous with dmsporc and mniigunite, hnioiiitc. 
FedUO,; (bog ore). Fe(OH),. which is ased in the punficution of dluiniimtmg gas, 
pyrite, FeS,. which crvstallizes in the isometric system ; inarcasitc. Fe.S„ orlhorhombic. 
Iron disulfide is. therefore, dimorphous. Other important iron ..res are sni.aile. 
FeCO., which is rhombohcdral; vivianitc. FedPO.), • « H;0. is monoclinic. 
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The Meialand Its Alloys. — The element iron was known in preliistoric ages (before 
4000 B.C.). The symbol Is taken from the Latin name, ferrum. The German name 
is Eisen, which is similar to the Anglo-Saxon iscn. Pure iron, which can be obtained 
by electrolysis or by heating pure iron salts in hydrogen, is silvery white and capable 
of taking a high polish. It is ductile, and the hardest of ductile metals; its tenacity 
is surpassed only by cobalt and nickel. Finely di\'ided iron will burn in the air. 
Wrought iron contains less than 0.2 per cent carbon and is, with respect to the carbon 
content, like a very mild steel. The iron alloys with less than alx.ut 1.7 per cent of 
carbon are called steel, and those with more carlxin, cast iron; but the names steel, 
cast iron, malleable iron, wrought iron, ingot iron, and pig iron are more or less 
detenniiied by the method of manufacture. Steel always contains small quantities 
of elements other than carbon, especially mungano^e, phosphoras, sulfur, and silicon; 
care Ls taken to keep the content of the last three elements very small. The so-called 
alloy steels may contain appreciable quantities of nickel, chromium, vanadium, 
tungsten, or other elements. Cast irons contain more sulfur and silicon than most 
steels. The pmixjrties of steel nr cast iron are determined partly by the chemical 
composition atul largely by the heat treatment. Thus a given sample of steel may be 
very hard if it is cooled rapidly ((lucnchcd) from a high temperature, but the same 
sample will l)e relatively sf>ft if it is .allowed to cool .slowly (annealed). A sample of 
cast iron containing a certain jK'rcentage of carbon may be very hard and brittle if 
flic carbon is presetit ns I-cjC, or it may be much softer and less I'lrittle if the carbon is 
present in the graphitic state. Silicon tends to cau.se the FcjC to break doMTi into 
le + grapliifr*, and .sulfur temU to .stt)p this decomposition. The composition of 
steel is controlled very oarefjilly hy chemical analysis and by examination of polished 
and etched specimens under tlie mi<Toseope (metallographic analysis). By micro- 
scojjic cxamiii.it ion it is po.ssible not only to estimate, in many cases, the npproxi- 
iiiaic carlioii content of :i sample of steel but also to ileterminc the heat treatment to 
uhifh the stei’l has been siibjii-tefl. The microscope also reveals the presence of 
itiipurit ic.s, such as a lit tie maiiganese suHide or metal oxide, which cause flaws in the 
iiictai aiid riiav result in it- faiime to stand tip under strc.ss or strain. Such inclu- 
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in ihr nirtiil are re\p:u.* 1 liy x-ray aiialysi.s which often made in large 
h»< cl liihoratm ie>. licranse r importance and wide iLsage, which rci^ults in the 
pnifluciitm of more ti/in ri \(H)o.n(K) tons a year in the United States alone, 
ii' n \i:\> l»ccn studio'll more a nio.^i any other element. 

On iii«solvini;c.immi‘rci;iI m, .tcel in a( id> (II:S(> 4 , HC1\ hydrogen, and small 
niiM *nnts of hytlrofarl Hir;-, h;. hiiircn sulfide, mon*aptans, phosphine, and silicon 
!i> ilritle are evi»U’e*h and ir.|Mrities give to theg^is its unpleasant odor. Often 
:in undissolvf'd ri»^uluo < or. 1 ing idutdiy of rarlnm remains. 

1 lu‘ re.'^utl or tlu* ot { unv acid u[)on inetallie iion depends upon tlic con- 

cenf ration the acid tlu‘ trn.peial ure. With dilute nitric acid the reaction 
nia\ take place wnlmut cval of pas arul with the forinaticin of ferix)us and 
aniinouium lorm: 

1 Fe 10 II* f XO; . -j IV-’ f Nil,- + :i HaO 

Wlien tl\o nitric acid inttn* coTH-ent rated, finric ions are formtxl and nitrous oxide, 
nr, \vitli stmng acah nifir,^rii pm i vide i>ev<»lviHi: 

Fe • tllXn ‘ IV'NO,*, V 12 II..0 + NO T 

Fe -f HXt), > IV;X(h‘a + H,0 + 3 NO: t 

i mIiI. roncentrated nitrir and makes iron j)a.viive; in thi.s condition it does not react 
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with cold, dilute nitric acid or deposit copper from the aqueous solutioii of a cupric 
salt. 

Iron is bivalent, trivalent, and rarely hexavaleiit. forming the following oxides: 


Iron protoxide 
or ferrous oxide 

FeO 


Iron sesQuioxidc Fcrrous-fcrric oxide 
or ferric oxide or ningnelite 


FeA 


FejO 


Iron trioxidc 

tl’eO,) 


Iron trioxide, FeO,, containing hexavaleiit iron, has never been isolated. It 
plays the part of an acid anhydride in ferrates of the general formula R.I cO, whicli 
are decomposable by water. In this formula R represents a univalent motal. l-cO, 

is probably a ferrous ferrite. Fe(^ I Pe = 0 ’ ^ 

and FeO. Other ferrites such as CaFe^O,, BaFe-O,. MgFe;0,. and 2nFe,0^ are 

known. , , i * - > 

By dissolving the three known oxides in acid the eorre.sponding salts are obtained: 

thus ferrous oxide gives, with hydrochloric acid, ferrous chloride, 

FeO + 2 nCl -* H.0 + Fed. 

ferric oxide gives ferric chloride, 

FeA + 0 nCl ^ 3 IhO + 2 Fed, 

whUe ferrous-ferric oxide yicids a mixtiue of fcrruiLs ui.d ferric cliloridcs: 

FeiO, -I- 8 IlCi — 4 H:0 -i- 2 FeCii -t- FeCi: 

Iron, therefore, forms two scries of ssits: first, the ferrous dcrivci from ferrous 
oxide, containing bivaient iron; second, tiic ferric, derived from fcTne oxaio con- 
taining trivaient iron. TI.ese two series ul sails show a ,|U.te ddTere.d l.elo,v.or 

toward reagents. . . , t . • i 

The salts of bivalent iron (ferrous salts) arc white when anhydrous but are greenish 

with water of crystallization; the solutions arc colorless when dilute an. greenish 

when concentrated. Fcrrou.s salts arc oxidized somewhat l.y exposure to the air and 

in solution they are oxidized by di.s.solved oxygen; this results in the foiniatinn of a 

basic salt, e.g . : ^ ^ 

4 FeSO* + Oj 2 FcjOtSO^lj 

„ /OH 

4 FeSO, + 0-. + 2 ILO- 4 l'‘-\S()4 

The position of iron in the ,K,lon.iai series slews (l.al i. is capable of lwing ox- 
idised by hydrogen ions and suggests il.e ,»xssil..lily of ds l.e,ng ox.d.sed o a n.eas- 
urable cLtd by the hydrogen ions of waier. Careful exper.meot.s lane ; 

absolutely y,ure water containing no di.ssolved oxygen diw.s ta» a et iioi.ii 

at ordinary laboratory temperatures, ila.ugh there ,s eva cnee that a trace of 
dissolves and a film of hydrogen is formed on lire .ne,:d winch acts ms a cheek op nn 
further attack. The positinn of ferrous in... in the voltage ser.cs sl.nws th..t 1 ,.lr - 
gen ions cannot oxidise iron nppreeiaUy to the ferne enn.liln.n. Il.e prepuce o 
dissolved oxygen, and this is t.orn.ully present in all water tha ts exposed . . l.o 
atmosphere can keeomplisl. this oxi.latio,. of the fern.us the fern.- eo.nl tlo , 

and it also aid, in the oxidalion of the iron frotn tl.e n.elall.e to Il.e ferroms slate. 
In this way iron exposed to n.<.i.sl.irc and oxygen oxidises ..r rests. 1 li.’ nes tog prijt- 
ess is favored l.y Il.e contact of tl.c metal will, a more i.ol.lc me al, sneli . .s I'l ■ 

copper, or nickel; an electric couple is forn.ed an.i tl.e ,r„n l«com.-s <l'e l«.s 'e 
pole, so that the hydrogen tot free l.y tl.e aeliot. of in... op.... water .» deposited upon 



208 


AMMONIUM SULFIDE GROUP 


the more noble metal. The presence of a more reactive metal, such as zinc, tends to 
hinder the corrosion of iron; the zinc corrodes instead of the iron. 

The presence of an acid is, therefore, not absolutely necessary to start the corro- 
sion of iron. An increase in the concentration of hydrogen ions, however, will 
greatly hasten the solution of the metal. When carbonic acid is present, ferrous 
bicarbonate is first formed, and, when the ferrous iron is oxidized to the ferric condi- 
tion, the carbonic acid is set free again because ferric carbonate does not exist. The 
acid again acts upon the metal, and the rate of its corrosion is greatly accelerated. 

Certain substances tend to moke iron passive, particularly strong nitric acid. 
Passive iron does not dissolve in dilute nitric acid and does not corrode readily 
(cf. aluminum, p. 188). On the other hand, certain substances can overcome the 
passive condition and are said to activate the iron. Thus a solution of common salt 
is an activating agent. 

Different varieties of iron and steel corrode with different degrees of readiness. 
Cast iron is often protected by its casting skin. Impurities present in steel often 
favor corrosion by causing electric couples to be established. 


A, Ferroits Compounds 

Ferrous compounds, which may be prepared by dissolving metallic iron, ferrous 
oxide, ferrous hj'droxide, ferrous carbonate, or ferrous sulfide, etc., in acids, are 
usually greeni.Kh in the cr>'stal!ized state, but in the anhydrous condition they are 
white, yellow, ur blui.sh; in concentrated solution they are green; in dilute solutions 
almost colorless. Ferrous compounds exhibit a strong tendency to change over 
into ferric salts: they arc strong reducing agents. 


Rrnctions in the IT’ct Way 

1. Alkali Carbonates precipitate the white carbonate, 

FcCl: -f NaoCOa -> 2 NaCl + FeCOa 

which in contact with the air becomes green, then brown: 

4 FeCOa fi HjO + O 2 4 CO. t + 4 Fe (OH )3 

being converted int« ierric liydroxide with loss of carbonic anhy- 
dride. 

I'orrous carboimto, like calcium carbonate (cf. p. 261), is soluble in 
<‘arl)onic acid, forming h rrous bicai’bonate: 


FeCO., -H H 0 CO 3 FeCHCOa). 

a compound wlii'-li is found in many natural waters, but which, like 
the normal carbonate, is decomposed by atmospheric oxygen with 
separation of ferric hydroxide: 

4 FcfHCOa), -I- 2 11,0 + O 2 8 CO. T + 4 FeCOH), 

Consequently a mineral water which contains ferrous bicarbonate, 
if allowed to stand in contact with the air, will become turbid, owing 
to the deposition of ferric hydroxide. To prevent this, the bottle 
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must be fiUecl with water and tightly corked, so that no trace of air 
can get in. Ferric hydroxide is insoluble in carbonic acid. 

2. Alkali Hydroxides, if air is excluded, produce complete precipitation 

of white ferrous hydroxide, 

Fe++ + 2 OH' Fe(OH )2 

which is oxidized by the air into ferric hydroxide. The oxidation 
takes place immediately upon the addition of sodium peroxide: 

2 Fe^- + Na-iO. + 2 OH“ + 2 H.O -- 2 Fe(OH)3 + 2 Na+ 

3. Ammonia produces in ueutral solutions an incomplete precipi- 
tation of ferrous hydroxide which is white when precipitated out of con- 

tact with air: 

FeCli - 1 - 2 NHi -h 2 H.O Fe(OH); + 2 NH.Cl 

Ferrous salts in this respect are similar to those of 
(cf. p. 271). In the presence of ammonium chloride the reaction takes 

place in the direction from right to left; ammonia ‘ « 

no precipitation with ferrous salts out of contact with the an pim id 

sufficient ammonium chloride is pre.sent. n 

however, a turbidity is soon formed, green at hrst, then almost iliuk, 
anrfinally becoming brown. The small amount of ferrous hydroxide 
contained in the solution is oxidized by the air forming at first black 

ferrous-ferric hydroxide and finally brown ferric 

4. Ammonium Sulfide precipitates iron completely as black fu- 

rous sulfide: ^ 2 NH,C1 + FeS 

which is readily soluble in acids with evolution of hydrogen sulfide, 
wnicn IS reaauy bo separates out, 

In moist air it turns sligntly nrowii, a pa 
and a basic ferric sulfate is formed. 

• * 4 * r’lT eives no reaction in an acid solution 

6. Ammonium Thioacetate,*CIhCt)^Mi4.P«\«»* snlntion- 

of a ferrous salt, but ferroas sulfide is precipitated m an alkaline solution. 

CH.COS- + Fc-- + 2 OH CJI.Or + FeS + II 2 O 

Sodium thiosulfate, however, does not cause prccipiUition. 

• Acetic acid is HC,HjO, or, as the th^^t « replaced by sulfur, 

acetic acid has the same formiUa glacinl acetic acid. The 

It is made by the action of Pho«pbonc 

BuV^tance has an unpleasant odor and IS ^ o^nraoniacal solution of tlie 

CAem.. 34, 456) have rct«mmendcd the 

ammonium salt nrccipitales with many cations but iU 

fidca. Sodium thiosulfate will give siil P J ^han in thioacetic acid, 

sulfur atom with the negative valence of two us less accessi 
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C- Dimethylglyoiime, (CH3)iC2(NOH)i, added to a ferrous solution containing 
tartaric acid, gives, upon the addition of ammonia, a deep reddish coloration. As 
the ferrous iron oxidizes, the color fades. This reaction is sensitive. 



a-a'-Dipyridyl, Ci(iHsN 2 



unites with ferrous ions to form 


a complex Vjivalent cation which has a deep red color. The reagent, a 2 per cent 
solution of the base in dilute hydrochloric acid or in alcohol, does not react with ferric 
ions. The tost is so sensitive that 0.03 y of iron can be detected in a single drop of 
solution on a .«pot plate. The dipyridyl combines with Fe^'*' to form a complex 
cation ju.'^t a.s Nll.i unites with Cu*^'*’; the union of the entire neutral molecule does 
not ohaiigo the vaU-nce t)f the original cation. Dipyridyl forms addition com- 
pound.< with other metal cations in acid solutions but the products do not have deep 
colors that interfere witli the test for iron. 


8. Hydrogen Sulfide produces no precipitation in acid solutions 
of fcrrou.s in dilute neutral solutions a small amount of black 

ferrous .sulfide* is precipitated; hut if the solution contains consider- 
(iblr alhiili tiafair, liydrogon sulfide precipitates more of the iron as 
fornuis sulfide (but not all of it), in spite (if the fact that ferrous sulfide 
is readily solubli- in acc'tic acid. This interesting fact is an instructive 
illustiatioii ol the law of chemical mass action. 

1 he tiibln on page '212 state? that 3.4 X 10“* g of ferroas sulfide dissolves in a liter 
ot wati-r. 1 his .'inall (piaiitity exists in solution almost entirely as Fe"^ and S"“ 
i 11 '. FeS . • I c' ‘ -f- When acetic ncitl. which is a much stronger acid than 

li .(li'ii.'.’n Miltidc ff. j>. lib is adilcd to tlie solution, equilibrium has to beestab- 
I’ft wcf ii it' hydrogt'H i..ns and the di.vsolved sulfide ion-s, 2 H* + S ?=: H’S, 
::ml. a.' .i !i’ uit <1 riic f, rinatiou of non-ionized hydrogen sulfide, the solution no 
li'iiLtrr coutai!;- i-ijougli .'Uiliii' loji? to reach the value of the solubility product of FeS; 

rc'ti n' ihr « rimii FoS and its inns, more of the solid must dissolve. 

If, tii"tt‘"\'-r. flu* '"lutioii I- the hydiogen sulfide e.seapes as a gas as soon as 

it 1 ' O'Mii. I. (. Mii'iHpii. iitly ii 1 ' impossible to arrive at a state of equilibrium until 
:ill ilk- fcnoie^ .'UlfkU; }i:i> The solution is accomplished by means of 

FeS f iMI- Pi Fe** + HjSt 

On tin* (■tlier harul, it the j'uuzation of the acetic acid is repressed by adding an 
alkali acetate to tlie solution ,,i'. p. .p.p, and the concentration of the hydrogen 
sultidc is made as Luae as ;io."iiilo by keeping the solution saturated with the gas, 
the rea<'tii>n will take [tl t -e in tiie reverse direction and some of the iron will be pre- 
cipitated as ferioiis ^l;l^lde. 

q. ct-Nitroso- -naphthol, C‘i JL (X())OII. gives a green coloration with dilute 
solutions of fcrrf'Uj salt- and. on .st.inding. a llocculent precipitate of ferrous nitroso-^- 
naphthol is formed. I 'ydrogou ions, even the small quantity formed by the hydrolysis 
of a ferric s.alf, pri>\< a* iiii~ n-aeii.-,|i. .<,^dium acetate must he added in the latter 
case. 'I he preeipitarc -i •,;d (•a..ily P) the eorresponding ferric compound. 

10. Potassium Cyanide i^rccipitatcs ydlowisli brown ferrous cyanide, 

+ 2CX - — Fe(CN )2 
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which is soluble in excess of the reagent, forming potassium ferro- 
cyamde. Fe(CN )2 + 4 CN“ [FefCNld"" 

The complex ferrocyanide anion is in equilibrium, to be sure, ^^ith simple ferrous 
cations, but the quantity of the latter present in the aqueous solution of a ferro 
cyanide is so small that none of the above reactions cbaracterL-tic of ferrous mns can 
be obtained with it. Many simUar complex cyanide aiuous are known; thus, the 
cyamdes of aUver, nickel, iron (ferrous and ferric), and cobalt al dbsolve m pot^ 
Bium cyanide, forming the following complex ions: [AgCCiMd , , 

lFe(CN)e]— , [FeCCN)*)"", [Co(CN)cl' '. The acids are: 

H[Ag(CN),l, Hi[Ni(CN),], Hj[Fc(CN)6l, IIi[Fe(CN)6], H,[Co(CN)fil 

It is possible, as a matter of fact, to isolate the last three acids, though the tuo former 
have never been prepared; they immediately break down rnto melall.c eyamde and 
hydrocyanic acid, just os carlrouic acid is decomposed into water and carlion dioMdo. 

With iron, therefore, there are two series of complex cyanogen compounds, the 
ferroeyanides and the ferrieyanides. The fcrroeya.tide der.vat.ycs cm. tan, ">» <1 
rivalent ferrocyanide anion, and the ferrieyanides contain tl.c triraleiit fcriu.t. 

‘"potassium ferrocyanide, KdFe(CN),|. often called y,/(o.r priis.yioir polnsh 
and potassium ferrieyanide, IC.|l'e(CN)d, is called rrd ,ira„,„ e oj «''' » ■ > ' 

solubmty of the alkali and alkaliiie-earti, salts, and the ,.,.soiul.ilit5 ‘ ® 

salts of the heavy metals (especially with botli feme and ferrous non), a.e scry 

characteristic of ferro- and ferrieyanides. 

Fe(CN )2 + 4 CN' [Fe(CN)or“ 

11. Potassium Ferrieyanide, K 3 (I.-e(CN).l, ad,W to solutions of 
ferrous salts produces a dark Idue p.eeipitate (Turi.liull s lilno) eon^ - 
ing of ferrous ferrieyanide mixed witli P-tassmiu ferr.c leiioeyaiude. 

2 K,[Fe(CN)a] + 3 FeCls -> « KCI + Fe 3 [Fe(CN)r|-j 
KslFe(CN)el + FeCls KFe«-^lFe(CN).)- + 2 KCI 

In other words, the ferrieyanide prel°u‘”l,'‘p.e""ali<.n ‘n a state id 

agent* and a blue color results whenever ir f , ,,,iii,ii The ferri- 

oxidation different from that of the iron pre.-scn m i . ‘ lo idil" oxidi/es 

cyanide ion is a strong ^ „ot very soluble in acid 

aikali. .n; . the .,mp.ex 

aaioD i>cmg ia the form of ferrocyanide. 

Fe.«[Fe(CN).l.- +8KOn-2K.lFe(CN).l +2Fe(OH), +Fe(OH), 

K^Fe-iFelCN).!- + 3 KOI. -.iaFe(CN>| + Fc(OK), 

12. Potassium Ferrocyanide, K.|Flt(CN)o|, pmihtees 
of ferrous salts,™!/, complete exclusion of mr o ‘‘''"'V " ' ‘f " “ 
polaedum ferrous ferrocyamde or of ferrous ferrocjooule. d, ,K.id.ng 


• Cf. Erich Muller, J. CW., 64, 653 (IbU). 
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upon whether one or two molecules of ferrous salt react with one mole • 
cule of potassium ferrocyanide : 

K4Fe(CN)6] + FeS04^K2S04 + K2Fe[Fe(CN)6] 

K4[Fe(CN)6] + 2 FeS04^ 2X3804 + FeolFe(CN)c] 

Although both the above salts are white, a light blue color is almost 
always obtained, because the precipitate is immediately oxidized some- 
what by the air, forming the ferric salt of hydroferrocyanic acid (Prus- 
sian blue): 

6 Fe2[Fe(CN)6] + 6 H3O + 302^2Fe4[Fe(CN)e]3 + 4Fe(OH)3 

PrusdiaD bluo 

13. Potassium Thiocyanate gives no reaction with ferrous salts (note 
difference from ferric salts). 

As h:is been stated, ferrous salts are oxidized by the air to ferric salts; thus ferroos 
sulfate is gradually changed into brown, basic ferric sulfate, 

•1 FeSO* + O; ^ 2 lFe,0 • (SO*),] 

which is in.«nluble in water. Consequently it often happens that ferrous sulfate 
will iKJt dis.'iolvc in water to a clear solution, but gives a browTi, turbid solution, 
liccciining clear on the utlditiou of acid, the basic ferric salt being changed to a sol- 
uble neutral .‘salt: 

Fe: 0 - (SO*)j + ILSO 4 — Fe:(S 04 ), + HjO 

Mich a solution, which then c«intuins ferric Ions, reacts with potassium thiocyanate 
(cf. p. 2lo). 1'o free the solution from ferric .salt, it may be boiled with metallic 
irt)n, out of contact with air, wlicrcby the ferric salt is changed into ferrous salt : , 

Fe>(S 04)3 -4- Fe 3 FeSO* 

By mean'- of strong oxidizing agents, ferrous salts can be quickly and completely 
changed inio ferric salts, as was shown in the Introduction (cf. pp. 31-35). 

DKTIXrnON 0» t'EllHOUS OXIDE IN THE PRESENCE OF 

'MKTAIJJC IRON 

Treat the ii.ixture wit a large excess of a neutral solution of mercuric chloride 
and heat on tlie watcr-b: u; the metallic iron goes into solution us ferrous cliloride: 

HgC’b + Fe — FeCI, + Hg:Cl, 

filter off the iv idu* an te^t the filtrate with potassimn ferricyanide; a precipi- 
tate of T iirnlml! s iJiie .<)io s that metallic iron wjis originally present. 

^\ n-sh the rc>Hluc wiili col water, until all the ferrous chloride has l>een dissolved, 
and then treat it \\ itii dilut ' h drochloric acid. If hydrogen is given off, some metallic 
iron is still present ; ihf' exinTiment must be I’opeated and the mixture giv’en a longer 
treatment with IlgCl^ scilution, I; the solution now gives a precipitate of Turnbull’s 
blue with potsssium ferrii.'yaiudc, ferrous oxiile was present. 

/I. Ferric Compounds 

Ferric oxide. le.Oj, i.- leddish brown, becomes grayish black on strong ignition 
but on being pulvcn/(Hl .iinK'n-s red again. 

Ferric salts are a--u:il!y yellow or brown, but ferric ammonium alum is pale violet. 
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Ferric salts are yellowish brown in aqueous solution, and the solution reacts acid 
(hydrolysis). Dilution and warming favor the hydrolysis, so that all strongly diluted 
ferric salts deposit basic salts on being boiled: 

Fei(S04)s + H-0 Fei(S04)jO + HjSO* 

With ferric salts of the weaker acids, often all the iron is precipitated as a basic 
salt; thus the acetate, on being boiled in a dilute solution, reacts as follows: 

FeCC*Hi02)j + 2 HiO ?iFe(OH)i(C2HjOj) + 2 HCiHiO- 
By the addition of acid all basic salts may be changed back into neutral salts. 


Reactions in the ff'et Way 

1. Alkali Hydroxides and Ammoma precipitate brown, gelatinous 

ferric hydroxide: _ ^ 

Fe+++ + 3 OH" Fe(OH)3 


The solubility product of ferric hydroxide is so small (cf. p. 22) 
that it is precipitated completely even in the presence of ammonium 
salts; it is readily soluble in acids. On ignition it loses water and ls 
changed to oxide, which is very difficultly soluble in dilute acids. It is 
best brought into solution by long-continued heating below the boiling 
point with concentrated hydrochloric acid. 

In spite of the slight solubility of ferric hydroxide, it is not formed m the presence 
of many organic substances with which ferric ions unite to form complexes, (bee 

lielow.) 


2. Alkali Acetates produce in cold, neutral solutions a dark brown 
coloration, and on boiling the dilute solution all the iron separates 

as basic acetate: 

Pe+++ 3 CaHsOr Fc(CjH 302)3 (in the cold) 

Fe(CsH302)3 + 2 HoO 2 HC2H3O2 + Fe(0H)2C2H30: (on boiling) 

The presence of organic hydroxy-acids (tartaric, malic, citric, etc.) 
and of polyatomic alcohols (glycerol, erythritol, mannitol, sugars, etc ) 
prevent all the above-mentioned reactions, because complex salts 
are formed in which the iron is present in the form of a complex anion 
(cf. aluminum, pp. 190 and 193). Tannin, however, yields a violct- 
black precipitate in the tartrate solution containing ammonium acetate. 

3. Alloxantine, gives a blue color with feme ions and 

dilute sodium hydroxide.* , , . • 

4. Ammonium Sulfide added to a solution of a feme salt gives 

a precipitate of ferric sulfide, Fe2S3, 

2 Fe-^ + 3 S"' FC2S3 


• Denigr-s, Compt. rend., 180, 519 (192.')). 
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which Is soluble in cold, dilute hydrochloric acid, forming ferrous 
cliloride and sulfur; 

Fe,S3 + 4 H+ ^ 2 Fe++ + 2 HjS T + S 

The fact that FciS, is precipitated, and not FeS as formerly believed, was proved 
by II. N. Stokes* who decomposed it out of contact with air by zinc ammonium 
o.\ide and obtained white ZnS and red Fe(OH)j. L. Gedelf has also showm that 
hydrogen sulfide passed into a solution of ferric chloride made alkaline with ammonia 
gives FccSj. If, however, the solution is acid, hydrogen sulfide or ammonium sulfide 
reduces the ion l>efore any precipitate is formed. 


5 . Ammonium Tnioacetate, NH4C2H3OS, reduces ferric salts in 
acid solutions and i>recij)itates ferrous sulfide if alkali is present; 

2 ]'e"++ + (',IWS' + H 2 O -> 2 + HC^II^Oo + H+ + S 

2 Fo+^*- + ;j ( ',11, OS' + G OH" ^ 2 FeS + 3 C-HaOr + 3 HoO + S 

G. Cobalt Chloride dissolved in concentrated hydrochloric acid 
a dc<‘p blue solution. If a little of this blue liquid is added to 
a solution contaiiiiiig: a small quantity of ferric ions, a green color is 
obtained. Neiialilc has reconumMided this reaction as a test for ferric 
ions in acids or bn- detecting ferric ions in the presence of ferrous ions. 

.. Cupferron, the amnnmium .salt of phenylnitro.sohydroxylamine, 
t ,;II Xit ■ XOXII,. iireeipilate.s red (CeHsNO • NO) 3 Fe, which is sol- 
nbh' in eiln r, in.'olubh' in acids, and converted into Fe(OH )3 by treat- 
nii'iif w it li aniniotiin. 

S. Etlier will n sliaken with a .solution of ferrie chloride in 6 N hydro- 
ehloi-ic acii! di'.'oivi'^ nii*st of ibe ferric <’hloride. Ry separating the 
Iln‘ ( ther witli tlir nil! of a separatory funnel, keeping the aqueous 
srdiition fi .\ ill lit I and repeating the operation, nearly all the iron can 

I'r r. inov. d from tie- aqueous .sohitiiui. (('f. p. 14.) 

1). H)'drogen Sulfide in aei<,l .solutions reduces ferric salts to ferrous 
salts, witii >ei..aration of >ulfur; 


2 1 


■e - • 11 S ->2 Fe"- + 2 11+ + S 


Besides h\drogi n sulfide, many etther substances (metals, stannous 
chloride, suifurous aeiii. li\<lriodie acid, etc.) will reduce ferric salts, as 
was shown on pages ;'7- d'.». 

10. a-Nitroso-,’-naphtlioI, t ■;rjIIo(X'( ) u )1I^ gives a voluminous, 
brownisli black pro. ipita'r ..f f,-rrie nitro50-/i-iiaphthol, (CioHeNO- 0 ) 3 Fe, 
in neutral or slightly acid .solutions. 


*J. Ar/t. Chon. Soc., 29 oOl. 

t Utber I\ui!>ruhe (1905). 
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11. Potassium Ferricyanide, K3[Fc(CN)el, produces no prenpitation 
in solutions of ferric salts, only a brown coloration (differing from 

ferrous salts) : __ , „ o 

[Fe(CN)d + Fe+++ 5^ 2 Fc(CN)3 

12. Potassium Ferrocyanide, K,|Fe(CX).l, produces in ^ 

acid solutions of ferric salts an intense blue precipitate of Prussian 
blue; 0.1 y of Fe+++ will give the test m 1 drop of solution. 

3 IFefCNld"’ + -i - FedFe(CN)cl3 

Prussian blue, the ferric salt of solution thus 

uble in oxalic acid and in an excess o pn • .solution 

obtained is a deep blue and U used - Jide stains col- 

obtained with a ferric salt and an exce.. 1 addition of a consider- 

loidal KFelFe(CN)d ■ HdO. which ^ „itrate. Prussian 
able quantity of electrolyte such precipitated again on 

blue is also soluble in concentrated h> like otl.er ferric salts to 

dilution. As the ferric sfilt of ferroc\. hydroferro- 

the hydroxides of the alkalies, feme liydn.Mclc ai.<t the 

cyanic acid being formed : 

Fe.|Fe(CN)..l. + 12 OH- -1 Fe(OH), + 3 lletCNl.l 

13. Potassium Thiocyanate, KCXS, produces in solutions of ferr.c 
salts a blood-red coloration: 

3 CNS" FcfCNS)^ 

1 ...n.r y.f the sliirhtlv ionized ferric thiocyanate 

This action is reversible; the red t thiocyanate, is 

being mo.sb inb'n.st? whi-n an exee>s oi ■ 

present. Some say tlmt the red ‘■‘’'j;'] ^oes into the ether. Ferric 

If the solution is shaken with et . Oiiui vaiiate forming complex potas- 

thiocyanate combines readily will, po.a.-.,u,n tl„o, 

siumferrithiocyaiiutc: i* 

Fe(CNS), + 3KCNS-KdK-(fN^)‘I 

analogous to potassium feiTiryanide. Kill o,jy being soluble therein, 

The complex salt is in.sohihle m et ^ ■ tldocvanate and not to the 

60 tlmt the red color is due to tl.c format.-.n of the 

complex salt. i,ni not alwuvs reliuhle. In ferric solu- 

This reaction Is extremely sonsi ij . of 'ferrir-a.et.ite-coinplex ions, 

tions which are more or lew red b\ I ^ c«.nsi<lcrnljle hydrochloric 

the red erdor of ferric thiocyanate can > tartaric, citric, malic, iodic, 

acid is added. Similarly if tlic sedu nm co ^ r.htnined except wlien 

phosphoric, arsenic or hydr<iflnoric uci . i ^ solution because hot 

nitric acid is present. The test mu.st then be made n ^ 

nitric acid dect.mposes the „Prite ckji- disappeara, how- 

"er::,r“e:j:« 

• K.|Fe(CNS).l • 4 H.O. Cf. Rosenheim, Z. anorg. Chan.. 27, 208 (1901). 
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The seusitiveness of the reaction can be increased somewhat by adding an excess of 
freshly prepared potassium thiocyanate solution and shaking with ether. In the 
presence of mercuric chloride the red color disappears entirely; the mercuric chlo- 
ride reacts with the ferric thiocyanate, forming a colorless, soluble mercuric double 
salt, which is ionized even less than ferric thiocyanate: 

2 Fe(CNS)3 + 6 HgCb 2 Fed, + 3 tHg(CNS)* ■ HgClJ 

14. Sodium Carbonate produces a brown precipitate of basic car- 
bonate, which at the boiling temperature is completely de'composed 
hydrolytically into hydroxide and carbon dioxide: 

2 FeCIa + 3 Na 2 C 03 -f- 3 H 2 O — » 2 Fe(OH )3 + 6 NaCl + 3 CO 2 1 

15. Sodium Phosphate precipitates yellowish white ferric phosphate; 

re++^ + 2 HP04'" HsPOi" + FePOi 


Ferric phosphate is insoluble in acetic acid, but readily soluble 
in mineral aeitls. Tlie precipitation of iron with sodium hydrogen 
phosphate is eoiiiploto only when a considerable excess of the pre- 
cipitant is employed, or when sodium acetate is added; 


HC2H3O2 + FeP04 


+ IIPO,-- + Cil-IaOo"- 

lii (Ins I:ist.(visc ;<II tlip iron ami all the phosphoric acid are precipitated. The 
u-.e-t ion IS .aten ii>cHi (o precipitate phosphoric acid quantitatively. An excess of the 
( .,~o<hum phosphate will also cause complete precipitation of iron as phosphate, if 
(he phosphate solntioQ is previously exactly neutralized with ammonia: 

iiro, + XH, XH4+ + po*"' 

and 


PO, 


4. Fe*^+ -» FePO 


If, Imwcvoi . an cveoss of s.-linm phosphate and ammonia is added to the iron sclu- 
( a- prccipjt iMon of non i... i: , .mplete. because the ferric phosphate dissolves 
m the CK. sodnnn pho.phaic, in the presence of ammonia (or ammonium car- 
I'on.eci. Ui.h a I.1..VM1 col,.,- uimI f..;niation of a complex salt. 

iTHc phosphate IS (rnnsfornuai l.y ammonia into a brown basic phosphate, and 
l.> P<.ra>Mum hy.lr. Mdc ahno.=t completely into ferric hydroxide and potassium 
p.L'cd " " '»'■ alkali carbonate it is completely decom- 

nhn nt''f"r completely changes ferric 

phosphate to fcr. IC hy.iruxule and alkaline earth phosphate is precipitated. 

10. Sodium Thiosulfate, Xa.S.Oa, colors neutral ferric solutions a 
violet red but tiie color disappear-s quickly and the solution then contains 
/errous salt and aodium ft trulhionaic: 


2S0O3" + 2 Fe +++ ->2 Fe++ + SiOo"" 

The composition of the violet-red substance which is firet formed 
IS unknown; perhap.s it is ferric thiosulfate. 
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17. Zinc Oxide, Mercuric Oxide, and Barium Carbonate also precipi- 
tate ferric iron as hydroxide: 

2 FeCla + 3 ZnO + 3 H 2 O 3 ZnCU + 2 Fe(OH )3 

This reaction is frequently used in quantitative analysis, e.g., to sepa- 
rate Fe"*^ from Mn"*^. 


DETECTION OF IRON IN COMPLEX SALTS 

M we have seen, there exist a number of iron compounds which contain the metal 
an a complex ion, so that it cannot be detected by the orrhnary reag nls. The 
complex o^rganic hydroxy-compounds, as well as the (crro- and tcrnctamdes, belong 

" ^r;:l^;:’r;:tcting the presence ot iron .n such a compouncU di«emnt 
method should be used in the case of an organic hydroxy-compound from that 

the case of a ferro- or ferricyanicle. . •* * i hv of 

If organic substances are present, the iron is prccifn a ei . whereby 

ammonium sulfide; or the organic matter is firs removed b> igmt.on, whereby 

metallic iron, oxides of iron and some carbon arc olitamcl. 

If we have a ferric or ferricyanide, If.e iron cannot be I'™;'" “ 
of ammonium sulfide; the compound must be 

be possible to detect the presence of iron by any of the orclinar> incthod>. I 

i>e possible to aeieci ignition (0) bv fu.-ion witli i)ota>siutn carlx.nate 

This may be accomplished (a) b> igmiion, {u/ , cnlfnrii' and 

or sodium carbonate, or (c) by heating stroiij;K witiconu i ■ j j 

(а) Dec^^^iion va^^ to 

srir: ", :r » » 

fixation of atmospheric nitrogen; iron, carbon alkal carbonate, and 

heated together and some alkali fcrrocyaiiH e ^vhereby 

After the ignition of the „-.sidue with dilute hydrochloric 

any alkali cyanide is removed, f ilter ^ , jj i.ydnn-ai lions are cvoIv.hI, 

acid; iron and iron carbide dissolve as ferrous cldonue, j 

and some carbon remains undissolvcd. Poia.^ium Cnrbonale. — Mik the 

(б) Decotnposiiton by Means of fusi p,„celuin crucible 

substance with an equal amount of the ca of iiotassium cyanide and 

until a quiet fusion is obtained. By this ' ' | nrcsciue of inetidlic iron: 

potassium cyanate (both soluble in water) is foiined in the prcso.uc 

K.lFe(CN).l -h KrCO. 5 KCN -H KCNO + COO + 'o 

Extract the melt with water, Site. m.d di^ulvc « X;'';;' 

(c) Deenmporilfon by Heating ^1“ I.ds mav be decumpused. 

concentrated sulfuric acid all complex O ""' ' | „f the ryaiiido 

By thta mcauB the metal present .s changed ,„,.„„x.dc: 

into ammonium sulfate, while the carbon of the cyamdc cseaprs as e 

K4lFe(CN),l -I- 6 H:S04 + 6 HiO - 2 K 1 SO 4 .q .y^CO T 

2K,tFe(CN)4) -1-12 HiS04 +12 HjO-3 K.SO 4 + Fej(bO,)) + 

The treatment with concentrated aulfurlc acid is Ircst acco.nplishcd in a ,mrce- 
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lam crucible placed in an inclined position over the flame, and the flame directed 
against the upper part of the crucible. Continue heating until fumes of sulfuric 
acid cease to come off. Treat the residue, which consists of an alkali sulfate and 
anhydrous ferrous or ferric sulfate, with a little concentrated sulfuric acid, heat 
gently, and add water little by little. In this way the sulfate is readily brought into 
solution. 


Reactions in the Dry Way 

The bora.K and the sodium nietaphosphate beads, containing a small 
amount of an iron salt, are yellow while hot and colorless when cold 
after being heated in the oxidizing flame, and pale green after being 
heated in the reducing flame. When strongly saturated, however, the 
bead c)btaine(l with the oxidizing flame is brown while hot, yellow when 
cold; and after heating in the reducing flame it becomes bottle-green. 

Heated on ehai'coal witii soda before the blowpipe, all iron compounds 
leave a gray particle of metallic iron, which is usually difficult to see, but 
It can lie separated from the ehareoal by means of the magnet. The re- 
<luetioii on the ehareoal stick, as descriijed on page 75, is a much more 
delii-af(; test. 






M.^nganese, Mn. At. Wt. 64.93, At. No. 26 

nL'iiMty7.2. M. P. 1204“ ± 10’. B. P. 1900“ 

Occuninc,-. - 'I bn iinperiant manganese minerals are pyrolusite, MnO*, 

■'It i-.i p.ilirimtc. also MnO.., tetragonal, isoinorphous with rutile and tin- 

t IK, ir.vuintt , Mil d ►•, tc'tratcoiuil; iimiiganite, lIMiiOj, orthorhombic, isomor* 

With UMt-rlutr :t(i<l tiia^pnn- hiiusinaunite, MiuOi, tetniBorml; aud rhodo- 

^ Mi i (I .Miirmahoyf. is ^ ronslant companion of iron, so that we find 

it ui v:ii v*;k:^ iiufiiut-: ih all ipfiu ores. 

'I.i:is:;iri< -c, althi.iiL^ii p florivp.s its name from the Latin magnes = 
I'MOl... I.,. -;.l whirl,, liko iron, can lie hardened by alloy- 

ini, un .1 ( .11 1, i.. 'Mtti.'c l :iinl do.'tnupo.sps water, with liberation of hy- 

diog. -i ,i; In,. i,,„ .sij.iiiiy ., 1 ,.,^.,. tpiniiorature. The metal is dis- 

* !• ' '*•'“^‘1 largely as ferromanganese in the 

rii.iiiii.ut I,. M, (,t mangaiic.se accomplish the deoxidation 

oi >t< H aii.l laiuM ,, Xuunh “ self-hardening ” steel. Man- 

g.UM ( 1 idM... i- I. ,, ,|. , ..ip f„r paints and varnishes, and for color- 
ing gl;i.--< mill (■( I . .• I,.. 

ll II , ,s ^ 7 ,if maaganese are known, and salts 

exist cor,e.<poml,ra: ^i|, Manganous oxide. MnO. is formed bv heat- 

ing MiM UP,, Mm (1. , . \»:.r- o, o.it ,.{ C.nfact with air. or bv heating another 
i.xule of manganc.r in h-d:..-, ,,. Ii i> a gray or greenish gray powder which oxi- 
( izes 'n tlie air t.. .Mn M-.iiLMi.nUs hydn.xidc. MnfOII). is formed by the ad- 
difioti of alkali hydiCy. ! n, s^.la'inn <.f manganoiLs salt. It oxidize.s readily to 
formMniOlI ijoi .Mnt) « di >. Mnnganicoxide, MiiA, can lie made by heating MnO, 
for a long lime at ,00“. i !„• Ii-.diovide hirins uiistalile maiigatiic salts with acids, 
Imt, as a rule, it behaves i. n n v ere eompnspd of one atom of bivalent mangimeso 
and one of (juadrivalcnt mangancre \\hii-h juaiifles the name manganous metainan- 
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ganite. The oxide MnjO^ occurs ia nature as the mineral hausmannite and can be 
called trimanganese tetroxide, but its behavior toward dilute nitric or sulfunc acid 
suggests that it is reallv manganous orthomanganite. Manganese dioxide, .InOi, 
Ss found in nature as pyrolusite and can be formed by heating manganous nitrate to 
200* in the air, or by boding a manganous salt with concentrated nitnc acid and pot^ 
slum chlorate. It can be regarded os the anhydride of manganoi^ acid. H.MnO,. 
The oxide MnOa has never been isolated. It is the anhydride of manganic acid, 
HjMnO«, which exists only in the form of salts. The oxide MoiO; is the anhydride 
of permanganic acid; it is an oily reddish broivn liquid winch is so unstable that it 

explodes violently on gentle heating. ,, n * i i 

By treating any oxide of manganese, except MnO, with cold, dilute hydrochloric 
acid, a dark greenish brown solution is obtained, which on being heated evolves 
chlorine and ^comes colorless. Tlie solution then contains a bivalent i-anganese 
salt — a derivative of MnO. Manganous oxide dissolves iii acid without evolution 

ofchlonne. ^inO + 2 HCl -* H;0 + MnCb 

Mn-Oj + 0 HCl - 3 II.O + 2 MnCU + Cl: T 
Mn,0, + 8 HCl - 4 H:0 + 3 MnCli + Cl: T 
MnO:+ 4 nCl-. 2 H.O + Mnn. + CUt 
MnjO, + 14 HCl - 7 11:0 + 2 MnCl: + o Clj ] 

All manganese oxides dissolve on warming with concentrated 
ing mangaLus sulfate, accompanied (with the exception of MnO) h> e^olut.on 

MnO + n:SO,-. 11:0 + MnSO. 

2 Mn:0, + 4 U:f^O. - 4 HvO + 4 Mn^O, + 0, 

2 Mm 04 + C 11:80. 6 11:0 + G Mn^O. + O: 

2 MnOi + 2 H:80* — 2 H:0 + 2 MnbO. + O: T 

The beha^dor of the higher dlhl^ 

nitric or sulfuric acid is interesting: 111 .'other half leniaiMing undissolved 

Mn:0,givc3uphnlfofits manganese tothea .1 dissolved 

as brown hydrated manganese dioxide. II:- 1 a. i^r. ns Ix'fore This 

by these scids, brown byrimted ' j™' j' „ siiiratc on the ad- 

HjMnOj separates out just as nictusilicic a . P 

dition of a strong acid; , r- ++ 

CaSiO,-b2H*-H:S.O. -bCa*- 

_ , , iVvvirio hf>haves in most reactions exactly like an 

Ube man.a„ous aaUa of ,bia aral and are 

to be regarded as manganites. /^\ 

Mn,0., therefore, ia to be regarded as manganous manganite, Mn M.rO.of 

analogous composition to manganous carbonate "-lid 

cate, MnSiO,. Accordir.g to this — " 1 why 

:;tr;a„:n:u::.me,,. w,.h di,o.e ni-ic a-id, .be 

separation of manganou.s acid : „ ^ 

MnMnO, + 2 UNO, Mn(NO.): + H.MnO, 

1-1 f .....iKmiHwi' iiiav be considered to bo the 
Mn»0., which gives up two-thirds of its iimngam . e, ) 

zn&QgaDOUS salt of ortbomanganoua acid, I 41 >> 
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On treating Mn2MnO< N\ith nitric acid, the ortho-acid first separates out; it loses 
water, and goes over into metamanganous acid : 

Mn^MnO* + 4 HNOj -» 2 Md(NO,) 2 + H^MnO* 

HtMnOi -» HjO + HiMaO, 


MnOj stands in the same relation to HjMnO* as COs to H*COi, as SiOj to H:SiO«, 
and as SnOa to H-SnOs; MnOj, therefore, behaves like an acid anhydride. Like 
SnOj (which see), manganese dio.xide behaves partly as an acid anhydride and partly 
as the anhydride of a base. It probably forms the chloride MnCU, for if MnOs is 
treated with cold concentrated hydrochloric acid it dissolves with a brownish green 
color, forming manganese tetrachloride, soluble in ether with a green color. If, there- 
fore, the aqueous solution of MnCb is shaken with ether, the upper layer is colored 
green. 

Mn(S04)i and Mn2(S04)3 are also knowm. These salts are hydrolyzed readily, 
forming li^MnOj and MnMnOa: 

Mn(S04)2 + 3 HjO si;H2MnO,> 2 HiSO* 

MnsfSO,), + 3 H2O MniO, + 3 HjSO* 


Not only manganous manganites, but quite a number of other manganites are 
known. Some of these play a very important part in analytical chemistry — for 
example, zinc and calcinm bimanganites ZnH2(MnOi)2, CaH2(MnO«)2, which are 
analogous to calriuin bicarl.'onate, Call-fCOj)-. Zinc bimaiiganite is formed in the 
volumetric determination of manganese (see Vol. II). Calcium bimanganite is of 
iiniiortaiice technically; thus the recover^’ of manganese, by the Weldon process in 
the manufacture of chlorine, depends upon the formation of calcium bimanganite. 

Maiigaiious oxi<lc, MnO, is the only oxide of manganese which always acts as the 
nnlivilride r»f a base. By dissolving this oxide in acids, manganous salts are always 
obtained, in which the manganese is bivalent. The oxide MnOj has never been iso- 
lated, but .''alts (l{;Mntb, .•'oe p. 227) are known which are derived from it. MojOi 
is a flistinrt ar-id anhydride, from which the permanganates (RMn04) are derived. 

In the ''ludy of the react i<ins of manganese, the manganous compounds will be 
(ir.st, then (he inuiigaiiatcs and permanganates. 


A. Manganous Compounds 


I'hc mi’iiganou'' compuunds are pink both in the 
solution; but in the anhydrous slate they arc colorless 


cr^’stalline state and in aqueous 
with the exception of the sulfide. 


Reactions in the Wet Way 

1. Alkali Hydroxides precipitate white manganous hydroxide, 

2 Oir — Mn(OH )2 

which rapidly becomes brown in the air, owing to the formation of 
manganou.s manganites, which are less soluble than Mn(OH)a. 

rirst a port I'f t he manganous hydroxide is oxidized by the air to manganous acid: 

2 Mn(OH). 4- 0- 2 H,MnO, 
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which, on coming in contact with the basic manganous hydroxide, immediately 
forms a salt with it — a manganite : 

HiMnOi + Mn(OH)i MnMnOj + 2 II;0 
or possibly: 2 HiMnOa + Mn(OH)3 ^ MiiH-(MnOj)a + 2 II;0 

This oxidation takes place in the air only gradually, but immediately in the i>res- 
ence of chlorine, bromine, hypochlorites, hydrogen peroxide, etc.. 

Mn(OH)j + 2 NaOH + CU -* 2 NaCl + HjO + HjMnOa 
Mn(OH)j + HiOa -* HjO + H^MnOj 

Precipitated manganous acid dissolves in potassium acid oxalate solution forming 
a beautiful red solution of a complex mangauo-oxalate ion. 

The formation of manganites is of technical importance, as meut loned on page —0. 
The residue obtained in the preparation of chlorine from pyrolusite and hydro- 
chloric acid consists chiefly of manganese chloride; In- adding lime to it. mangano^ 
hydroxide is formed. This mixture of raanganoiu! hydroxide and liine is ex-posed to 
the action of the atmosphere, whereby manganous acid is formed, which uni « 
with the calcium as the stronger base, forming calcium bimanganite, so that finally 
all the mangaoese is oxidized to manganous acid. 

2 Mn(OH), + + Ca(OH), - 2 H.O + Cix\hCShiO,h 

On treating the residue, when in the right condition, witii hyilrochloric acid again, 
the same amount of chlorine is obtained as from the original pyrolu-sitc. 

2 MnOi + 8 HCl - 4 H,0 + 2 MnCl, + 2 C\, T 
CaHtCMnOO* + 10 HCl - 6 HiO + 2 MnCU + CaCb + 2 CU T 

It is necessary, however, to add a little more hydrochloric acid m ^ I ^ 

because a part of the acid is used up in setting the manganous acid free from the 

manganite. 

2. Ammonia precipitates from neutral solutions froe fron, ammo- 
nium salts (as with magnesium and ferrous salts) a paid of the man- 
ganese as the white hydroxide: 

MnClz + 2 NH 4 OH Mn(OH )2 + 2 NHiCl 

If sufficient ammonium chloride is present, ammonia ca...-^es 

anous iloride buT! small amount exists as the hydroxide. 
air. this dissoWed Mn(OH), is changed slowly mto the mom 
manganous acid, HjMnOj, which is deposited in rovii o< .. 
equilibrium in the solution is thereby disturljed, an in or< ^ jm.p 
hydroxide is formed, and the reaction continues in this way un 1 . of 

ganese may be precipitated. ^Ida Jact must be rans.der^ 
manganese from feme iron, aluminum* etc. li aII iho 

chlorides contains sufficient ammonium chloride, none o ic m ‘ ^ jg jp 

iron will be precipitated on the addition of ammonia, but. . 
contact with the L. gradually the manganese wUI be 

separation, therefore, an excess of ammonium cliloride shou ^ ^ " excess 

boUed to remove the air as much as possible from the solution, then u dtght excess 
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of ammonia should be added and the solution filtered immcdiaiely. The separation 
even then is not quantitative, but is satisfactorj’ for qualitative anal 5 'sis. 

Oxidizing agents in the presence of ammonia cause the precipitation of manganese 
as HjMuOj. Bromine is ordinarily used as the oxidizing agent, but a number of 
precautions are necessary to accomplish the complete precipitation of manganese 
by means of bromine and ammonia. 

If a neutral solution of manganous salt is treated with bromine, the precipita- 
tion of manganese as H-MnOa is always incomplete: 

Mn++ -i- Brj -1- 3 HiO ^ 4 H+ -|- 2 Br" + H^MnOs 

The precipitation of the manganese can be made complete, in accordance with the 
mass-action principle (p. 2), if the hydrogen ions formed in the reaction are neu- 
tralized; sodium bromide in neutral solution will not reduce HjMnOj, but hydro- 
bromic acid will do so. The solution may be neutralized by caustic alkali, alkali 
carbonate, alkali acetate (cf. p. 40), or ammonia. A solution of manganous salt 
may contain a considerable excess of acetic acid and yet the manganese will be com- 
pletely precipitated by lirotninc in the presence of sodium acetate. 

Auimunia is not altogetlier satisfactory as a neutralizing agent in this case because 
it reacts with bromitio as well n.s with hvdrobromic acid. Wiien bromine is added to 
ainnumia solutidu, u vijjDroius ronetion takes place and nitrogen is evolved: 

SXH 3 + 3 Br, + XM 

When hrnininc is added to a solution of ammonium chloride a very slow oxidation 
result'^ and nitrogen gas is evolved: 

2 Sll^^ + 3 + GBr’ + Nat 


If sodium acetate is adthal to this solution, the reaction is accelerated greatly as a 
result of ‘liuiinihbinu I In' i fuic'entration of the hydrogen ions, and by heating the 
wluch the >|khm 1 of the reaction and causes tlie rapid expulsion 

<.»t uitn uon III! the unjuvuiiuni salt can be dceomposod by means of a very slight 
t'Xi'CSs of 1 

7 /if prt rnt!^ Ihc pnripitation of manganese by brotninc 

(tru! :n(lu/y/i ncrinft ; whri, ii!l the atoiumiiuin salt luis been t>xiilized to nitrogen, the 
iu:ing:ine>f' uan l>e po Mioituird a^ lI.Mpth pruvidod the solution is not allowed to 
bcMUiie . ufd. 

I hr :\u w •rv favorable* for the precipitati<»n of manganese when the 

s(»!uti'Ui UMiUain.s livh j. in an anuuiiniaca) solution. The addition of 
broniinr to .*m di :i > *Lui u usually results in the immediate precipitation of some of 
the iiiang:i!a*M* lair, n-Milt o| ilu* ufticui of bioiuiiic on ammonia or aminoniuin 
salt, tlic .soluti' 11 U'U.'iil;' bruomc^s arid :uul the precipitation of the manganese is 
tlicn incmaplrte, [\i pirrinitute all t!ic manganese by me«ans of ammonia and 
bromine, it is bc'^t to prorrrd a-> folhiw 

Dilute the solution t > alxmt *J0t) ni! and neutralize, if necessary, with ammonia. 
Add a little l^romiuc water at.il a slight cxre^s of ammonia, and stir to promote the 
f(jrmtition of u pir^ ipitaic. Heat the solution, atld a little more bromine water^ 
and make slightly aumuiiiitieal agair.. If tlie amount of the manganese precipitate 
is perceptibly incre:i-ed by tliis la.'^t treatnietd with bromine and ammonia» repeat 
the operation. Filtrr ntT the prcciintated IlMnOj, concentrate the solution somes 
what by evaporation. :uid again treat with bnuninc water and ammonia. Some- 
times lIjMuOj is prtH’ipitated on the snle.s i>f the vo^'^el during evaporation. The 
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treatment with bromine and ammonia should be continued until a filtrate is obtained 
which will not give any more precipitate with these reagents.* 

3. Alkali Carbonates precipitate wliite manganous carbonate, 

Mn++ + CO3" -^-MnCOa 

which after long boiling is changed by the oxygen of the air into less 
soluble, hydrated manganese dioxide: 

2 MnCOa + 2 H2O + Oo -»■ 2 CO2 T + 2 H^MnOs 

4. Alkali Hypobromite and Copper Salt. The hyprobromite anion in alkaline 

solutions causes the precipitation of black raaii(?anose dioxitle. , a i c 

is present the oxidation goes farther and in.stcad of a dark broft-n precipitate a 

violet permanganate solution is obtained ; 

2 Mn+-^ + 5 BrO' + 0 Oil" -• 2 MiiO," + 5 Br* + 3 H;0 

Probably a little Cu(OH)j Ls precipitated by the <‘>11 ions and at <>'0 surfi.ee 
of the precipitate there is a catalyzed decomposition of tl»c 0 ir ^ 

atomic oxygen which accomplL^hes the oxidation of the Mn to i n 4 . ) >a 

and nickel have a similar hut nut so slrona catalytic ehccl The presence of chro- 
mium interferes with this test since ycllnw CrO, ' ions are h.rn.cd which n.akc . dif- 
ficult to see the purple MnOr. Tlic test is not as sensitive as the persulfate or 

bismuthate tests which are made in acid solid ioiKS. , 

Procedure .-Place 2 ml of 1 per cent fopi>er sulfate solution m ^ 

add 1 drop of the solution to be te^tcl an.l S-10 ml of 0.1 ^ NaBrO solution. 

Alter 
color 
following 

drop of saturated copper 
and 0.3 g KBr. The te.st will Iw obtained if 3 of .naiu-ai.ese is present in the 10 

ofsolution. - 4 . f M. (1 

5. Ammoniaeal Silver Nitrate reacts will. Mi.‘‘ I" a inccpitatc of Mi.O. 

and finely divided Ag: _ 

Mn** + 2 IAg{NIh)d* + 4 011^ - MnO. + 2 Ag + 4 Mb + - ibO 

Place a drop of the solution upon filler paper; ad'l a 'hop "f ^ j|[ 

Bolution wiich haa been treatcl with coneon.ra.ed 

precipitate of silver hydroxide lias dis.«olve*l and I leii vi ' » j"' ‘ , if 0 7 

ammonia in additinn. A blaekeni,* will Iki oI, serve, I. especially licit,,.,, if 0.7 v 

of manganese is present. 

6. Ammonium Carbonate prcc-ipitate.s the wl.ib- c-arlK.nato even in 

the presence of ammonium salts (dilTerenee fiuin ri,,t„ 

7. Ammonium Persulfate a.hle.i to a hot solution o Mt- m chlute 

sulfuric or nitric acid causes gradual precipitation of l.ydiatod M 2. 
~^he above explanation is given at length liecaase of f 

tative analynis. The facts upon which the the Mu.ssarlui- 

verified by quantitative exi>eriment8 performed bj » . I 

Bette Institute of Technology. 
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If, however, the solution contains some Ag+ as catalyst, the oxidation 
goes farther and Mn04” is formed: 

2 Mn++ + 5 SaOa" + 8 HjO 16 H+ + 10 S04~' + 2 Ma04“ 

This reaction is quantitative for small amounts of manganese and in 
the absence of anything that will react with the permanganic acid.* 

To carry out the test on a small scale, take 1 drop of solution to be 
tested in a tiny porcelain crucible, add 1 drop of concentrated H2SO4, a 
drop of AgNOs solution, and a little solid (NH4)2S208. Heat gently and 
a violet coloration will appear if 0.1 y of manganese is present (FeigI). 

8. Ammonium Sulfide precipitates from manganese solutions 
flesh-colored, hydrated manganese sulfide: 

Mn++ + S“’ MnS 

On boiling with a large excess of ammonium sulfide it is changed into 
less hydrated green manganese sulfide of the formula 3 MnS • H2O. 

The solubility product of MnS is relatively large (cf. p. 23), and to 
precipitate all tin? manganese a.s sulfide an excess of S ions is neces- 
sary. Hie precipitate dissolves readily in dilute acid as a result of the 
rt inoval of tlie S ions to form non-ionized hydrogen sulfide (cf. p. 51). 

0. Barium Carbonate jiroduces a precipitate onij' in hot solutions. 

10. Benzidine. (-i:U,(Nni)2, gives a blue oxidation product in alkaline solution 
when luangaiie.'ic is presenf ; 


2 UN 




Nil, + O — H ,0 


•H 


L 


0 - 0 ^ 


Uic imiMirrinoii. -ati..nv with Oil" to form MnCOH)*, which is oxidized rapidly 

i.y di-:s.,K,..i {uruimn -MnO, which oxidizes the benzidine. The test 

I '0 ol>t wiMi 0 L> y of 

11. Lead Peroxide ami Concentrated Nitric Acid. (Volhard’s re- 
action). — Ii a solution containing only traces of manganese is boiled 
with lead ocroxidc and concentrated nitric acid, then diluted with 
uater and tl:.‘ rc-i.hic aihnvcd to settle, the supernatant liquid acquires 
a di.stinot \io'' cuhri-. owing to the formation of permanganic acid: 

2 Mn+ ' i- .1 PbO: + 4 11+^ 5 PU++ + 2 H.O + 2 Mn04‘ 

lliis extreme! ■ idiiate reaction does not take place in the presence 

of nmeh hydrochloric a- id or elilorides, because tlie permanganic acid 
is thereby destroyed : 

2HMii(), + l i irci ->8HcO + 2MnCU + 5 Clo j 

• Cf. M. Marshall. Z. onol. 43, -U*^, 05." (lOO-t). 
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12. Periodate and Arnold's Base. Arnold's base, tetramethyldiaminodiphenyl 

methane. (H.C), N - - CH, - - N (CH.)., ia prepared by the 

action of formaldehyde (formaUn) on a solution of dimethyl aniline in methyl alcohol 
and concentrated hydrochloric acid. As reagent, a 1 per cent solution of the fdra 
base in chloroform is used. 

Place a drop of the solution to be tested on a spot plate and add in succession 1 drop 
of a saturated solution of KIO«, 1 drop of 2 N acetic acid and 2 drops of the chloro- 
form solution of the base. If manganese is present, the chloroform is colored an 
intense blue owing to the formation of an oxidation product of the base. Clirormum 
must be absent as it wiU be oxidized to cliromatc which gives the same test. The 
test is exceedingly delicate and will take place uith only O.OOl y of maugan^. 

13. Oxidizing Agents added to a saturated solution of manganous chloride m 
concentrated hydrochloric acid give, on he.ating. a deep bro%\'u or black coloration 
due to the formation of manganese tetrachloride. Tlie reaction is given by a "itra e, 
chlorate, hypochlorite, or chromate, and by lead peroxide. It fails with perchlorate, 

bromate, bromine, sodium peroxide, pcreulfate, nitrite, and red lead. 

14. Potassium Bromate added to a cold .sulfuric acid so ution of a mangano^ 
Bait gives the violet color of permanganate. The chlorate and lodate do not give the 

reaction. 

15. Potassium Chlorate. — By boiling a solution of manganous salt 
in concentrated nitric acid with an excess of potassium chlorate, all 
the manganese is precipitated as MnOs: 

Mn(N 03)2 + 2 KCIO 3 MnO^ + 2 Km + 2 CIO 2 T 

16. Potassium Cyanide. - On adding potassium cyanide to a solution 
of a manganous salt, a brown precipitate appears winch dissolves in an 

excess of potassium cyanide, forming a brown .solution. ^ 

by heating the solution, a voluminou.s green precpita e of K[Mn(CN).,] 
is formed which is soluble in strong potassium eyainde solution. 

Mn-H- d- 2 CN" ^ Mn(CN):., Mn{CN); + KCN ^ K[Mn(CN)3] 
K(Mn(CN) 3 l + 3 CN" i=i K+ + [Mn(CN)d 

To keep the managaneso in solution in tbe form of M“(CN)r- 
ions it is necessary to use an <*xce.s.s of potassium cyanide. If tbe 
Jc’elatirif the cyanide i.s di.nini.hed hy dilntinn, so.ne green 
KlMn(CN),l is fnrmed, and if the dilute eyan.de solution .s l.oiled, 

precipitate of Mn(Ori )2 results: 

(Mn(CN)cr- + 2 H.0 2 HCN + 4 CN" + Mn(OH), 

The ..ability of th.^ co.npiex cya„w« 
corresponding nickel compounds (p. 2ih). i 

separating nickel from manganese. 


* De Koninck, Z. anal. Chem., 43, 4 IS. 
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Nickel sulfide is much less soluble than manganous sulfide (cf\ p. 23) so that it is 
possible to precipitate nickel as sulfide in the presence of acetic acid and sodium 
acetate; under these conditions no manganese sulfide is formed. If, on the other 
liand, ammonium sulfide is added to a hot, dilute solution containing the complex 
cyanides of nickel and manganese, the nickel will remain in solution and the pre- 
cipitation of the manganese as sulfide will be complete; 

[Mn(CN)«) — +S" CN" + MnS 


In the presence of a large excess of pota&sium cyanide, however, the (Mn(CN)«]”“ 
anion is so stable that none of the manganese is precipitated in the cold by ammonium 
sulfide. 


17. Potassium Ferricyanide foroLs brown manganou-s ferricyanide, Mno[Fe(CN)s]j, 
slightly soluble in cold hydrochloric acid and insoluble in ununonia. 

IS. Potassium Ferrocyanide precipitate.s white manganous ferrocyanide, 
Mn..(Fc(CNjd. which is ditnciiltly soluble in hydrochloric acid. The precipitate can 
be olitained also in a solution which has been treated with tartaric acid and ammonia. 

l!l, Potassium Periodate givc.s a deep red precipitate, or a red color with dilute 
solutions; mauganou>pM io<|,iic is pro), ably formed. Hydrochloric acid dissolves the 
preciintatc with evolution of chlorine; caustic .soda, and even ammonia, changes it 
into black inangaiious acid. IHMnOj. The reaction is delicate and is aided by heating. 


Jl). Sodium Bismuthate aildcil to a (■()U1 .solution of a mnnKanou.s 
salt in .lilufn nitric fal-mit .Icn.sity !.13) cau.sos tlio formation of 
pf'i manganic ai iii. llu* reagent, whidi corrt'.spomls approximately to 
llic bii'innla Xallii) . i> pri'|iarcil i>y fusin*; Insmulli oxide with sodium 
I"Tn\idc: It is in.M.Iuhlc in water, and the exre.s.s of reajient may be 
tikcied oh llnoiiLdi as|,,->t..s after applying the test. The reaction may 

t'Xpi‘f‘ssrfl |j\' I (*< jUiltion : 

- Mu ' NaBiO P 1 li 1 1 - V j Xa+ + 5 _|_ 7 ij.,q ^ o H.Mn04 

dil ate when nothing i.s present that will react 
lorined. An insohdde carbonaceous residue, 
solution of <a.-:t iron in acid, must be filtered 
■ bt. It the >olu(ion is heat{‘d, tlie perman- 
l '- .. Med li.vdratcd iuatigane.se dioxidt* is precip- 

Hisimith d-ovd... ];iu, n ay he u-.-d in.stead of .sodium bismuthate. 

21. Sodium I^ho.sphate pr. i-ipitates wliite, tertiary manganous phos- 
piiate, 

■1 HI’m. ■ i-WMu- - ' J n,P()T + Mn 3 (P 04 ): 

soluldc in mineral acid> aid ir ucoiic acid: 

Ma.'PO. . i?!I . ‘ 3 \Irie+ _j_ 2 IIPO 4 " 

If tlie iHuling solniinn of tliU piedpitate in acid is neutralized with 
arnmoma, manganous ammonium pl.osphate will be precipitated, as 


The t- 
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with magnesium (see p. 273) : 

HPOr" + NH40H ^ NH4+ + FOi~~~ + HoO 
Mn++ + NH4+ + POj""" + 7 HoO MnNH4P04 - 7 H^O 

The crystalline precipitate is flesh colored and is practically insoluble 
in water. 


Reactions in the Dry If ay 

The borax and salt of phosphorus beads are amethyst red after heat- 
ing in the oxidizing flame with small amounts of manganese, almost 
brown with larger amounts, and can then be mistaken for the nickel 
bead. Heated in the reducing flame, the manganese bead becomes 

colorless, while the nickel bead appears gra\ . 

On fusing any manganous compound with caustic alkali or alkali 
carbonate (on platinum foil) in the air. or. better .still, in the presence 
of an oxidizing agent (such as potassium nitrate, potassium thloiate, 
etc.), a green melt is obtained, owing to the formation of the alkali 
salt of manganic acid, as is shown by tlie following equations: 

MnO + Na-iCOa + O; -> CO-, t + XaoMn 04 
2 Mn02 + 2 Na.C03 + 0. -> 2 CO3 T + 2 Na^MnO^ 

2 Mn^Oa + 4 NaoCOa + 3 O 3 -» 4 CO 2 1 + 4 Na2Mu04 

2 Mn304 + 6 Na-iCOa + 5 0-> ^ 0 CO, T + G Na:Mn04 

MnS04 + 2 NajCOa + 0, 2 CO, t + + Xa,Mn04 

The oxygen comes cither from the air or from the nitrate or chlorate: 

2 KNO 3 2 KNO, + O 2 T , 2 KCIO 3 -» 2 KCl + 3 O, [ 

This reaction i.s exceedingly deli.ate; a fraction of a milligram of 
any manganese comixnmd can be re.-ognized by the formation of this 

green color. i * m r-k 

By ignition in the air the oxides of manganese are changed to Mn^Oi: 

6 MnO + O, -> 2 Mn 304 , 3 MnO, -» Mn 304 + 0, t , 

6 Mn.Oj — 4 Mn 304 4- 0, t 


B. Manganates and Permanganates 

Free manganic acid has never been isolated If we attempt to form it from the 
green melt of the alkali mangunatc by the addition of acid. c d ar d 

hydrat^l manganase dioxide will l>e obtained; a part o Ihe m.s able ^ 

oxidizes another part of the same pennangamc acui, wlule tl.e oxidi/mb 
iUelf reduced to hydrated inanguncsc dioxide. 

3 HjMnOi ilMri 04 + H-iMnOi + lIsO 
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This transformation takes place so readily that the green solution of the monganate 
is changed to a reddish violet solution of a permanganate by simply standing in the 
air, with the help of the carbonic acid which the air always contains: 

3 KiMnOi + 2 CO 2 + HjO 2 KjCO, + H^MnO* + 2 KMnO. 

The reaction takes place much more rapidly, however, if a few drops of a strong 
acid are added. 

The oxidation of one molecule at the expense of another of the same kind is of 
quite common occurrence in chemistry. It alwaj's involves a loss in the available 
or free energy which the molecules originally possessed. The total energy possessed 
by any molecule can be considered to consist partly of free energy and partly of 
unavailable euergj'. A reaction that takes place spHjntaneously is always character- 
ized by the fact that the free energy of the system is less afterward than it was 
before the reaction took place. The condition with the smallest free energj' is the 
most stable condition. 

It might be inferred that the most .stable conditions are those having the smallest 
quantities of energy', but a little consideration shows that in promoting chemical 
reactions it is not so much the total energy as it is the available energy’ which comes 
into coiLsideration. Ihus, a vast amount of energy is stored up in the heat of the 
ocean, but it is not availtiblc energy, because it is in surroundings at the same tem- 
perature. I ho air under ordinary atmospheric pressure could perform a great 
deal 4)f Work if it were brought in contact with a space in which a much lower gas 
prcssuie prevailed, but otherwise the vast amount of energy is not available. 

In the ch:mgc.s tliat lake place with any given element it is not necessarily true 
that an increase in the t<ital energy will always involve an increase in the free eneigy 
associated wiili tlie element. The fact that the solution of a manganate, in which 
tlie valence of the inanganc.'e is six, decomposes readily indicates merely that the 
free ciiergy in tla^ sy.stein (■(nnpu.'^cd of quadrivalent and heptavalent manganese is 
icss than tlie free energy involve<l in the system containing all the manganese in 
the hexavalent, ccmdiiion. I're(n«oritly the conditions are just the reverse, and the 
most >tablc oomlilion is one r.f int,.rniediate valence. Thus permanganate and 
mungaiioii.s .srdt reiict to f.,rm qtnulri valent manganese. A few reactions similar to 
the decomposiu .11 of II.-MiiOi %\ill !>e given. 

Hypo. liloiik-s are change-l, by warming the aqueous solution, into chlorate and 
clilondc; one atom of chloiin.' i^ oxidized from the valence of one to the valence of 
ve at t (, eNp«‘m,e >>t too atoms of chlorine, which are reduced from a positive 
valence ol one to a negative valence of one; 

CIO 3 " +2cr 

Ignition of a chlorate eausrs (he formation of a perchlorate, a chloride, and free 
OX} gen. cr< fuie atum fhlnine increased two in valence, one atom of chlorine 
loses six charges, ami ihc ict,u,jni„g f.,ur charges Ciiu.se the oxidation of two atoms 
of negatively cluuged u\\ gvii; 

2 .Nat'IO . Xai'lo. 4. XaCl -|- O, | 

Nitrous acid is changed m aquioii.i soluiiun into nitric acid and nitric oxide, one 
atom of nitrogen gaining two charges ami two similar atoms losing one charge: 

2 + 3 N'or — Nor + 2 NO t + HjO 

Ilypophosphnrous acid and uUu ph^l^pllorou.s acid can be changed into phosphoric 
acid and phosphine: 

2 HjPO: — H:PO, + PIIj, I 4 H,PO» 3 H|PO, + PH, f 
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Alkali thiosulfates and alkali sulfites are changed by ignition into sulfate and 
sulfide: 

4 Na^S A -* 3 NasSO* + NajSj, 4 NajSOj -» 3 Na:SO« + NajS 

Permanganic Acid, HMn 04 , although much more stable than man- 
ganic acid, is known only in aciueous solution; but the anhydride 
MnaOi has been isolated. On cautiously adding concentrated sulfuric- 
acid to the cooled solution of a permanganate, oily drops of reddish 
brown MusOt separate out, which, however, on being warmed (the 
heat of reaction is sufficient), explode with scintillation: 

2 MnaO? -f- 4 H;S04 —* 4 MnS04 + 4 H;0 + 5 O 2 j 


All the salts of permanganic acid (the permanganates) are soluble 
in water, with a reddish violet color, and are very energetic oxidizing 
agents. In acid solution the h<‘ptavalent imuigancsc in permanganate 
is usually reduced to bivalent uianganous salt, but in alkaline, or nearly 
neutral, solutions quadrivalent inanganese as tlie dioxide is the usual 
product. 

By heating solid pota.ssiiim permanganate to 240® C, potassium 
manganatc and MnOa are formed, also with evolution of oxygen. 

2 KMn 04 -> K2Mn04 + MnOo + 0 - 1 


Oxidation in Acid Solution. — Typical oxidation equations with 
permanganate have already been explaine<l on page 34. A few of these 
reactions will bo repeated here, but it will not be necessary to enter 
into further details ooiicerning the method of halaneing (he equations. 
To avoid exact repetition, the equations will be given with the entire 
molecules written instead of merely the ions involved: 


2 KMn04 + 3 H2SO4 + 10 IICI 1x2804 + 2 MnS04 + 8 II2O -f- 5 CI2 1 
2 KMn04 4- 3 H2S04 + 10 HI -> K2SO4 + 2 MnSOi + 8 II2O -f- 5 I2 
2 KMnOn + 3 H2S04 + 5 H2S K2S04 + 2 iMnS04 + 8 H2O + 0 S 

8KMn04-M2H2S04-l-5Pll3->4K2S04 + 8MuS04-j- 12Il20-|-rjIl3P04 

2 KMnOi + 0 SOs + 2 II 2 O -» 2 KHSO 4 + 2 MnS 04 + II^S20c 

In this last equation the proportion of sulfate and of dithionic acid, 
HjSiOe, will vary with the temperature and concentration of the .solution: 

2 KMn04 + 5 HjCjO* + 3 H .S04-»K2S04 4 2 iMnS04 4 8 H 2 O 4 IOCO 2 1 
2 KMnO* 4 5 H 2 O 2 4 4 H 2 S 04->2 KIIS 04 4 2 MnS 04 4 8 IbjO 4 5 O 2 ? 


2 KMn04 4 5 KjCaOc 4 14 II:S04 

12 KHSO 4 4 2 MnS 04 4 8 H 2 O 4 10 CO., t 4 5 O 2 T 


Persulfuric acid, which is analogous to iiercaibniiic acid, does not 
reduce a solution of a permanganate'. .\n inte n-sling reaction is that 
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^vhich takes place in nearly neutral solution between permanganate 
and manganous ions. The principal product is MnOo, which w'ill carry 
down some of the bivalent manganese as manganous manganite unless 
an excess of some other ion is present wdiich forms an insoluble man- 
ganite, e.g., zinc or calcium ions: 

2 KMnO^ -f 3 MnS04 + 2 HaO -*2 KHSO^ + 5 MnOa + HaSO^ 

Oxidation in Alkaline Solution. — Many organic substances are 
oxidized i)y jx*rmanganntes in alkaline solution with precipitation of 
manganese dioxide. Thus formic acid is oxidized to carbonic acid, 
ethyl alcohol to aklehyde and acetic acid, and cellulose (paper) chiefly 
to oxalic acid, so that a solution of a permanganate cannot be filtered 
through paper. By boiling a concentrated .solution of potassium per- 
manganate with concentrated potassium hydroxide, potassium raan- 
ganate is fornu'd with evolution of oxygen, and the color of the solu- 
tii>n IxrcotiH's green: 

-1 KMn< ), + 4 K(.)H -> 4 K..Mn 04 + 2 H.O + Oa T 


Nickel, Ni. At. Wt. 68.69, At. No. 28. 

I)('nsity '<.0. .M. P. Mo2^ B. P. 2900“ 

Oci'Hirrrrf . — in t|)c native .<ta(e nickel occurs only in inete(»rites. It is most 
frcqu'Mitly f-nunl la i- 'inLinat i. .n with hulfiir, arsenic, nml anlitnony in regular and 
h<'\:ii’.iri:il crv'itullizing miaiMal'. <4 whicli the fallnwing are the moat important: 

t’}ii..:iiith:ti-, NiAs..; gersdorfljtc, .\i.\sS; ullmannite, NiSbS. 

.N'y. NK i- .liti*, Xi; \.<..: i>icifh:iiii)tito, XijSbj; millcrite, Ni.Si. 

regular cry-<tals of litiiisciiito, N’iO, isoniorphous with peri- 
M,,t »; asgarnieritcoriioumeite, lIj(NiMg)SiO< 4*aq, 
•I X-'w (’alcdoiiia. from which pure nickel can lie prepared; 
Xij' >1 i. • s H.f >. isotnorplious with erythritc. 

■i 'i ltd. ^ilvi’rv white mclal which take.s a high ixilish. Its 
1 11 the ( Icriiian wonl Xiklur = devil, which corrcspotlda 

-I traced to Miprastition nini>iig miners. It was dis- 
■ riic ni' fal is iiiallealile, ductile, aru! very tenacious. 

. i di.es lint I'vidizo in dry or moist air tit ordinary tem- 
ptMaturcs -o :.i it i,;, i ,•! .,[ !i,.-ta|. i> n c.immon practice. Nickel is magnetic 

lull lo'C- ii> ;‘!i. VC • 1.', . Import ant allows of nickel arc: nickel steel, con- 

taining up to .> pet e. m 1 tia-ke! oi mure; chrome nickel .steel, containing 1 per cent 
chrornmm aiel ;t p. r eem me;..]; - invar.” an alloy with Mi percent nickel which has 
a very low eocHieient -a cNp.m-mti; “ permalloy,” with SO per cent nickel, which is 
used as sheafliitig f..r tleeii,,; eil.l.-. and li.is .a magnetic pcrmctdiility 200 times as 
great a.s [nneiron: monei metal, with parr- nickel to 1 part copper with a little iron 
and innngiinese; tiichrome. wlm'h has ij o.", per eeni chromium, up to 2o per cent 
iron, and the rest nickel; ami < leiman .'ilvcr. .aO-ii.', per cent cop}>er, 10-30 per cent 
iiii’kel, tiiid ttie balance zinc I ite-lv dividtvl nickel will absorb 17 times its own 
volume of liydrogoti gas and, lor thi- leason, is u.-'cd in numerous hydrogenation 
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processes. Nickel dissolves with difficulty iu hydrochloric and sulfuric acids but 
dissolves readily in dilute nitric acid. It becomes passive with concentrated nitric 

^Id- 

Oxides and Hydroxides. — Green or grayish green nickel oxide, NiO, is obtained 
when the carbonate, nitrate, or hydroxide of nickel is healed. The light green 
hydroxide, Ni(OH) 2 , is formed by adding alkali hydroxide to a nickel solution. Iron, 
cobalt, and nickel are closely related elements and occur in the eighth group of the 
periodic table as elements 26, 27, and 28. One would expect that nickel, like iron, 
would form the oxides NijOj and NijO*. The existence of these oxides has. however, 
been doubted by some, and it is claimed that NiO- • HjO, instead of Ni(On)j. is 
formed when a nickelous solution is treated with cainstic alkali and halogen. \\e 
shall assume here that brownish black nickelic oxide, Ni^Oj, exists. 

By dissolving either oxide of nickel in acid, salts of bivalent nickel are always 

obtained : 

NiO + 2 HCl ^ HjO + NiCL 
NiiO, + 6 HCl ^ 3 HjO + 2 NiCL + Cl- T 
2 NiiOs + 4 HjSOi 4 IIiO + 4 NiSO* + Oi T 


Nickelous oxide behaves as a basic anhydride, but nickelic oxide acts as a peroxide 

and forms no salts. , , . 

The crystallized salts of nickel and their aqueous solutions are green, hut in the 

anhydrous condition they are usually yellow. Most of the salts arc soluble in water; 
the aulhde, carbonate, and phosphate are insoluble. 


Reactions in the Ifet U ay 

1. AlkaU Hydroxide precipitates apple-preon niekclou.s liydroxide, 

-p 2 UH" -* Ni(OH); 

insoluble in excess of the precipitant, readily soluble in acids. 

Boiling the solution and adding hydrogen peroxide or iodine does not serve fo 
oxidize the nickelous hydroxide, but bromine water, sod.u.n hypochlontc, pota-^MU-n 

ferricyanide, or a persulfate ohunge.s it to black nickelic hydro.xide. . 

The presence of non-volatile organic acids and sugar prevents llie picapdation 

of the bivalent and trivalent nickel hydroxnles. , . ■ , i, 

Nickelous hydroxide di.ssolvcs in ammonium carbonate solu .on givmg a g. c >1 
blue Uquid and In p.,tas..ium cyanide to f..rm pota.ss.u,n mckelocyamde, I • - 
dissolves slowly In a mixture of ammonia and ammomum chloride forming nn k< Ion. - 

ammonia complex ions (ummincs). 

2. Ammonia pr<--ipitatcs (in neutral solntioas free fro.n aninninnnn 
salts) a green basic salt, 

2 NiSO* + 2 NHiOI'I — » (Nn4);S04 + NioSOitOH)- 

soluble (with a blue color) in exces.s of ammonia, formiut; complex 
nickel ammonia ion.s (ef. p. 2H). 

Ni2S04(0H)2 + 12 NUa 2 [Ni(NHj)o]^ + 2 OH + SO, 
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In the presence of sufficient ammonium salt, ammonia produces 
no precipitate, as with magnesium, ferrous and manganous salts; potas- 
sium and sodium hydi'oxidcs, however, precipitate the green hydroxide 
(difference from cobalt, see p. 239). 

The anhydrous chloride and sulfate readily absorb ammonia, forming 
anhydrous nickelous ammines: 


NiCla + 6 NHa [Ni(NH3)G]Cl2; NiS04 6 NHs -> 

The nickel ammonia cations are very stable in the presence of an 
excess of ammonia. In pure water they are in equilibrium with a small 
quantity of nickel ions, dissolved ammonia, and ammonium hydro.xide: 


[Ni(NH3)6]++ Ni-H- + 6 NHa; NH 3 + H 2 O ^ NH.OH 


^3. Ammonium Carbonate behaves similarly, but the precipitate is 

soluble in an excess of the precipitant, forming hexamminenickelous 
carbonate. 

4. Ammonium Molybdate in neutral or slightly acid solutions of 
nickel salts causes a greenish white precipitation on heating to 70®. 

5. Ammonium Sulfide precipitates from neutral solutions the nickel 
as sulfide: 

NiC'b + (NT^liS -»2 NH 4 CI + NiS 


Nickel sulfult' has a marked tendency to form colloidal solutions of 
a ilaik brown color, espi'cially in tlie presence of ammonia or a consider- 
able (‘xcess (tf amnioniuin sulliiie. By making the brown solution 
slightly- acid witli acetic acid and boiling, the Iiydrosol is coagulated and 
<:iii be rciiHA'cd by filtration. Tin* presence of ammonium salts also 
favors ilic coagulation (4 the livdrosol. 


If It ik<ircil tc. precipitMto ttio nirkol as sulfide from an ammoniacal solution, it 
IS "-.St n. (he M.luiioi! coiy sli^luly acid, add a little ammonium chloride 

CMMH.ical.lc is alrcads- pro^i-m. heat to boiling, add colorless ammonium 
BUltiikMlrop l.v drop until no further |irefipitation takes place, and then add 0.5 to 
1 ml of tin; O'airent ii> exrp.ss. 'rhe niekel sulfide thus obtained can l>e filtered with- 
<mt diirieuliy. anil t he liltrale is free from nickel. During the filtration care should be 
taken to keep (he filter well filled with litjuid (o prevent the oxidation of the precipi- 
tate, wliioli fakes plai-e rca.lily on expo.^urc to (he air. To wash the precipitate it 
is well to use a h<it to U) per cent amtnonium clilnride solution to which a little 
colorles.s ummojiimn sulfi.Je has been .added. The wnsliing can also be effected 
uith hydrogen sulfi.le water witlnait there being any danger of hydrosol formation. 

iSickel suKulc is diflieultly soliil>le in rlihite mineral acids, readily soluble, how- 
ever, in strong nitric acid or in af|iiii regia, with separation of sulfur: 

3 NiS -f G HCl -}- 2 IlXOj —3 XiCI; + 2 XO t -|- 4 H^O +33 


The sulfur usually separates out as a black film. This is caused by the sulfur 
first melting, owing to the heat of reaction, enclosing small particles of the black 
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sulfide and protecting them from the action of the acid- By continued action of 
the acid all the sulfide is dissolved, and the sulfur remains as yeUow drops, which 
are oxidized little by little to sulfuric acid: 

S + 2 HNOj - liSO, + 2 NO T 

Nickel and cobalt sulfides, though not precipitated by hydrogen sulfide from a 
dilute hydrochloric acid solution, dissolve with difliculty in a much stronger acid. 
This is perhaps due to the fact that these sulfides exist in two allotropic forms of 
different solubilities. The sulfide fii-st precipitated is readily soluble in acid, but 
on standing it becomes changed into a much more insoluble condition. Most 
schemes of qualitative analysis are bii-'^cd upon this behavior; the nickel and cobalt 
are separated from zinc and manganese by tieating the amnioniuni .^ultide precipi- 
tate wth cold, dilute hydrochloric acid. In such cases some nickel and cobalt 
always pass into solution and the quantity dissolved may be much larger than is 
ordinarUy assumed. If the surface exposed to the action of the ai id is large, or if 
left in a finely divided state by the dissolving out of other sulfide, a cnsiderable 
quantity of nickel dissolves in a comparatively short tunc. The reverse reaction, 
the precipitation of nickel sulfide by hydrogen sulfide in very dilute acid solution, 
also takes place very slowly but continuou-sly.* 


6. Villiei-s dcveloiKul a very sensitive U'st wliieli depends upon 
tlic formation of a brown eolloidal solution of niekel sulHdt*. llie nickel 
salt solution is treated witli tartaric acid aiul a sliglit excess of sodium 
hydroxide and is then saturated with hydrogen sulfide: a part of the 
nickel always remains in solution and colors it dark lu-own. Cobalt 
ions are precipitated as cobalt stdlide by this treatnnuit extvpt when 
only a trace of cobalt is present, uhen it is likely to give a brown color; 
caustic soda, however, causes tlie cobalt sulfide to precipitate. 

7. Ammonium Thioacetate precipitates Jiickel sulfide from am- 
moniacal solution. In an acid solution, sodium thiosulfate has no effect, 
but in neutral or alkaline solutions, nickel sulfide is slmvly precipitated. 

> 8. Barium Carbonate in tlw cold pnHluees no precipitation; but by 

continued boiling, all the nickel is tlnown down a.s basic carlmnate. 

9. Dicyandiamidine Sulfate, in 10 l>ei' n-nt aiiucoas solution, 
gives a yellow, crystalline precipitate of nickel dicyandiamidine, 
(CiH6N<0)2Ni • 2 H-jO. Th<? reaction is a little slow in starting but the 
test is sensitive and characteristic. If the niekel solution is ammomacal 
at the start, and contains ammonium chloride, then, after adding the 
reagent, the blue color is at once clianged to yellow uiion the addition 
of caustic soda and the precipitate forms gratlually. 

10. Dimethylglyoxime. or Clh • 

—The reagent is prepan^d by di-ssolving 1 g of the solid in 100 ml of 98 
I>er cent alcohol. If a little of the reagent is addc<l to a solution of a 
niekel salt, then ammonia to give a slightly alkaline reaction, and the 


• Cf. Noyes, Bray, and Spear, J- Am. Chem. Soc., 1908. 
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solution is boiled, a red crystalline precipitate of the nickel salt of 
dimethylglyoxime is formed: 

CHs - C - NOH 

2 I + Ni++ + 2 NH 3 2 NH 4 + + (C4H7N202)2Ni 

CH 3 - C = NOH 

If the quantity of nickel present is very small, at first a yellowish solu- 
tion is obtained from which, on cooling, red needles are deposited. As 
little as 0.16 7 of nickel can be detected in 300,000 parts of water. The 
reaction is not influenced by the presence of ten times as much cobalt; 
when a larger proportion of cobalt is present, the following procedure is 
recommended: 


DETECTION OF TRACES OF NICKEL IN COBALT SALTS 

Add strong ammonia to the solution of the cobalt salt until a clear solution is 
obtained, then add a few milliliters of hydrogen peroxide and boil the solution a 
few minutes to decompose the excess of this reagent. Then add the dimethyl- 
glyoxime and again bring the solution to a boil. A verj’ small quantity of nickel 
caiu^es a red scum to form, and the glass sides of the beaker l>ecome coated with a 
film of red crystals. With smaller amounts of nickel the color is best observed upon 
the filter through which the solution is poiued and the residue washed with hot water. 

The above rcaciiou is the most sensitive test kno^vn for detecting nickel in the 
presence of cobalt. 


V. I-ortini* 
in alloys: 


rcconunends the following method for detecting nickel 


Heat the metal, from which all greasy or oilj' matter has been removed, at one 
spot with the oxidizing name of the blowpipe. Cool and moisten with 1 drop of a 
solution of O.o g dimethylglyo.xime in 0 ml alcohol and 5 ml concentrated ammo- 
nium hydroxide. A red spot at once appears if nickel is present. WTien copper is 
piesont, the ijict\cl test i.s obtained before the copper ammonia color is visible. 

The nickel tot can he made in the presence of ferric iron if sufficient tartaric acid 
added to prevent the precipitation of ferric hydroxide by ammonium hydroxide. 
The presence of ferrous iron interferes; it uses up the reagent and gives a very dark- 
colored solution. 


11. Hydrogen Sulfide precipitates no nickel from solutions which con- 
tain mineral acid or much acetic acid; but from solutions slightly acid 
with acetic acid and containing an alkali acetate, all the nickel is pre- 
cipitated as the black sulfide: 

Ni-H+ + 2 C,Ii,Or + H^S 2 HC 2 H 3 O 2 + NiS 

12. Hydrorubianic Acid forms in ammoniacal solutions a bluish 
violet complex salt with nickel. 


• Chem. Zlg., 36, 1461 (1<J12). 
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SC — Nil 

Hvdronibianic acid, I ' is the diamide of dithio-oxalic acid. When 

SC - NHi 

placed in solution it undergoes to some extent a rearrangement of the atoms in the 
molecule, and a tautomeric form (di-imido form) is in equilibrium ^^^th the original 

SC - NHj HSC = NH 

SC - NH: HSC = NH 

The new form is a di-imide and ionizes as a weak acid 


HSC = NH 
HSC = NH 


rSC = NH 
2H-^+ I 




LSC = NH 

In alkaline solutions, the H* is neutralized by OH” and the above transformations 
take place more completely in the direction left to right. The anion of the ac.d 
forms characteristic compounds with copper, cobalt, and nickel. The precip.tates 
correspond to the general formula: 

HN = C - C = NH 

: I I 

: S S 

! \/ 

t Me 


in which Me is either copper, cobalt, or nickel. The precipitates b.rtned in strongly 
ammoniacal solutions are insoluble in dilute mineral acid.s. The follo\vmg test will 

detect 0.012 y of nickel in O.Ol.o ml of solution. 

Place 1 drop of the solution to l>e te.^ted upon filter paper. hol<l the paper over tlie 
fumes of a bottle containing concent rate.l aimiK.nia water, and then a.ld 1 drop ..f 
a 1 per cent solution of hydrorubianic acid in alcohol. If nickel is present a )>lue- 
violet spot or a violet ring is obtained. 

13. a-Nitroso-^-naphthol, di.s.solvcd in 50 per inml acetic acid, pives a 
brown precipitate of tlie following composition: (CioHcO(NO)l:Ni. 
The precipitate dissolves in liydrochloric acid. 

14. Potassium Chromate reacts only .slowly with a cold, neutral solu- 
tion of a nickel salt. At the IioiliiiK temperature a chocolate-brown 
basic chromate, NiCrO^- NiO. is formed wliich di.ssolve.s easily in acid 

or in ammonia water. 

16. Potassium Cyanide produees a li}?ht green precipitate of niekel- 
ous cyanide readily .soluble in an excess of tlie iirecipitant, forming 

potassium rdckelocyanide: 

Ni++ + 2 CN" Ni{CN)2 

Wi(CN)2 + 2 CN‘ [NiCCN)4]'‘ 

The lNi(CN) 4 ]"" anion Is a stable complex, but it is deeompo.scd liy 
the addition of acid, becau.se Il 2 [Ni(CN)d is a very weak aeid and, like 
carbonic acid, is unstable: 

[Ni(CN)d‘" + 2 H2[Ni(CN)i] 

H2[Ni(CN)4] ^ 2 HCN H- Ni(CN)2 
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1q alkaline solutioas, containing an excess of C3'anide, the [Ni(CN) 4 l"'' 
anion is not dissociated to a sufficient extent into simple Ni*^ cations 
to give a precipitate with ammonium sulfide (difference from man- 
ganese and zinc) but it is readily decomiwsed by an oxidizing agent such 
as chlorine, bromine, hj^Dochlorite, or hj^Dobromite: 

2[Ni(CN)4]"+4 0H-+9Br0~+H20->2Ni(0H)3-f-8CN0'-h9Br“ 
or 

2 [Ni(CN)4]" + 6 OH- + 9 CI 2 2 Ni(OH)3 -h 8 CNCl T + 10 Cl" 


In the above reactions, first of all any excess alkali cyanide present is oxidized to 
cynnate or to CNCl. In the absence of an excess of cyanide ions, the [Ni(CN) 4 )‘' 
begins to du^sociute, (NitCNld" -» Ni-*^ +4 CN', and as fast as the ions are 
formed, they botli become oxidized. 

When cobalt ion.s arc treated with an cxce.-^^ of cyanide ions a cobaltocyanide 
anion, (Co(CXjf,]' is formed which i.s readily oxidized even by the oxygen of 
the air to fonn eobnltieyanide ion-s, lCo(CN)d‘''. These anions are so stable that 
fliey are not decomposed ly treatment with oxidizing agents in alkaline solution 
and no cobalt is precipitated with Xi(GH)3 by the above treatment. It is possible 
to <lotect 0.2 mg of nickel in the pre.seiicc of ‘100 mg of cobalt by this reaction. 

Tlie test cati be applied to the solution obtained by tlissohing the sulfides of 
nickel ainl eolialt in af[iia regia a.s follow.c; Evapor.ate the solution nearly to drj-ncss 
to expel most of the acid; add about ."i ml of water and then sodium hydroxide solu- 
tion. drop liv <lro[), until (he solution i.s neutral or until a j)cmianent precipitate is 
prndtn'cd. A<M pota»inm ey.nnide .volution, a few dro]>s at a time, until all or nearly 
all of any prc<-ipitateil ey.anide redivsolves. Then add 0.5 to 3 ml more of potas- 
vinin c>-ani<ie solut ion aeconling (o (he probable amount of nickel and cobalt present. 

1 Ic.it to oH® or (>0' in an open dish for live minutes, or longer if the solution has not 
l)c<‘ome light enkned. 'I his servos to oxidize the cobaltocyanide to cobalticyanide. 
I'ilier oiT and reject any sinali )>recipitat€ (hat may rctnain. Add about 3 ml of 

2 .\ .sodium liydroxiiic ^ j'inu and coiuUict chlorine into (lie solution in the cold 
or adil a little brouiine a'lr. pm-ipitate of Xi(OII)j should form within five 
minutes. 


111. Potassium niu Scaium Carbonates precipitate appU'-green nickel 
carliouatc: 

Xi'-* f ro/- - .NiC03 

precipitates yt'llowisli brown nickelous 
ferrieyanide, Xi,i[T'e(('X)dj. The precipitate is difficultly soluble in 
hydrochloric acid. In the presmice of tartaric acid and a large excess 
of ammonia, pota.<sitmi ferrie\’anidc‘ forms a clear, brownish j'cllow solu- 
tion. 

18. Potassium Ferrocyanide precipitates greenish nickelous ferrocya- 
nide, Ni 2 [Fe(CX)G], which is not very .soluble in dilute hydrochloric acid. 

19. Potassium Nitrite produces in tlilute nickel solutions no pre- 
cipitate (difference from cobalt). lu very concentrated solutions a 
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brownish red precipitate of Ni(N 02)2 * KNO 2 is thrown down; in the 
presence of alkaline earth salts a yellow crystalline precipitate is 
formed, e.g., NifNOa)" • Ba(N02)2 • 2 KNO., which is very difficultly 
soluble in cold water, but readily soluble in boiling water, with a green 
color. 

20. Potassium Thiocarbonate, K 2 CS 3 , gives a dark brown coloration 
in a concentrated, ammoniacal solution of a nickel salt, or a reddish 
yellow color if the solution is dilute. This is a sensitive test for nickel ; 
cobalt ions do not interfere, but manganese and zinc ions arc likelj' to 

interfere. 

21. Sodium Hypochlorite precipitates in the presence of alkali hy- 
droxide all the nickel as brownish black nickel dioxide, Ni 02 . Nickel- 
ous hydroxide is first formed by the alkali present, but is is then oxid- 
ized by the hypochlorite: 

Ni++ 4- 2 OH" + CIO" + NiOs + Cl" HjO 

On adding chlorine or bromine to the nickel solution to which alkali 
has been added, nickeldioxide is likewise formed: 

Ni(OH )2 + 2 OH" -f CI 2 2 Cl" + NiO. 4* 2 H 2 O 

22. Sodium Phosphate precipitates apple-green nickel phosphate, 

3 Ni++ 4- 4 HPOr‘ 2 H 2 PO 4 " 4- NU(PO,h 
readily soluble in acids, even acetic acid. 

ltp,actiorvs in fFay 

The borax and sodium motaphosphate beads are brovvn in tlie oxi- 
dizing flame, almost the same shade as the strf)ngly .saturated man- 
ganese bead ; in the reducing flame the Ix'ad bceoines gray, because of the 
formation of some metallic nickel. On looking at the bead tluough 
the microscope the finely divided metal can be seen suspended in the 
colorless glass. 

On heating nickel salts with sodium carbonate on charcoal, a gray 
scale of metallic nickel is obtained. This reaction is be.st performed 
with the charcoal stick, as described on p. 75. The magnetic metal 
obtained in this way Is placed on a piece of filter paper and dissolved 
in nitric acid, a drop of concentrated hydrochloric acid is added, and 
the paper is carefully dried by moving it back and forth over the flame. 
If nickel is present the paper appears greenish (colorless with very small 
amounts of nickel), or bluish if cobalt is also present. The spot is 
now moistened with caustic soda or potash, and is then hold in bromine 
vapors, which are obtaim‘<l l>y shaking some bromine water in a wide- 
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mouthed flask. If nickel or cobalt is present, a black spot will be 
formed by the above treatment, consisting of the hydroxide of the 
trivalent metal (p. 237). The blackening often does not appear at 
first; in this case the paper is moistened once more with potassium 
hydroxide and again treated with bromine. The spot will now appear 
if nickel is present. 


COBALT, Co. At. Wt 68.94, At No. 27 


Density 8.8. M. P. 1480*. B. P. 2900* 


Occurrence. — Like nickel, native cobalt is found only in meteorites. It occurs 
in the earth s crust chiefly as sulflde, as arsenide, and as salts of tbioarsenious and 
thioanfimonous acids; it is almost alwaj’S accompanied by nickel and iron. The 
most important ores are smaltite, CoAss, isometric; cobaltite, CoAsS, isometric; 
skutterudite, Co.Asj, isometric; and erythnte, Cos(As 04)2 * 8 HjO, monocUnic, isomor^ 
phous with vivianite, FeaCPO*), • 8 HjO, and with annabergite, NU(AsO«), • 8 H,0. 

I ropertics. Cobalt, from the Greek word kobalos — gnome, owes its name 
to mining superstition concerning imaginarj' work done by gnomes in the moun- 
tains among the ores. The metal, first obtained by Brandt in 1735, is steel gray 
and resembles iron in appearance, but it is stronger than either iron or nickel. 
Finely divided cobalt oxidizes readily in moist air. At a white heat it bums to CoaO<. 
It is magnetic but loses this property above 115*. Im|)ortant alloys of cobalt are 
stellite, an alloy steel containing cobalt and chromium which is very hard and resists 
corrosion; carljoloy, a tungsten carbide containing cobalt which is very hard; 
arul magnet steel, containing 3.5 per cent of cobalt. Cobalt o.xide is used for im- 
parling a blue color to gla.ss an<l enamels. The total amount of cobalt produced in 

\o:ir is estimated to be about SOO ton.<?, which is small compared to the annual pro- 
duction of .W.O(K) tons of nickel and 60,000.000 tons of steel in the United States 
alotje. 1 he metal dissolves slowly in hot, dihite hydrochloric or sulfuric acid and 
more rapidly m hot, dilute nitric acid. 

C,obalt forms three oxi<les. Gray to greenish cobaltous oxide, CoO, is obtained by 

careful licatmg of the hydroxide or earl)onate or by heating other oxides of cobalt in 

hy<lrogcn; eobaltic oxide, CojOj, is black and can be obtained by heating cobaltous 

niti.Uo to .1 >oin ISO , black cobaltons-cohaltic oxide, Co 304 , is the most stable oxide 

o CO ba t and can be prepared by beating the oxides, hydroxides, carbonate, or oxalate 
of cobalt to iviUxc$s. 


By dissolving tlicse tlu-ee oxides in acids, .salts derived from cobaltous oxide are 
always obtained, containing bivalent cobalt: 


CoO -f 2 nCl 11,0 -1- CoCl, 

Co:03 + 0 HCl 3 IIjO + 2 CoQ: + 01^ 

CojO* -I- S IlCl 4 HjO + 3 CoCl, + Cl, } 

Simple cobaltic salts arc unknown, but the hydroxide and many complex com- 
pounds exist with trivalent cobalt, ils, for example, potassium cobaltmitrite, potas- 
sium cobfilticyanido, and numerous cobaltiamjnines. 

(^baltous conip.nmds in a crystallized .state (as well as in aqueous solution) are 
pink, in the anhydrous condition blue, yellow, or green, and blue in aqueous solutions 
in the presence of hydrochloric acid. The solubility reactions of cobaltous salts are 
similar to those of manganese and nickel. 
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Reactions in the Wet Way 

1. Alkali Hydroxide precipitates in the cold a blue basic salt: 

Co++ 4. cr + OH' Co(OH)Cl 

which on wai’ining is fuii-her decomposed by hydroxide ions forming 
pink cobaltous hydroxide ; 

Co(OH)Cl + OH' Cl" + Co(OH )2 

In a moderately concentrated solution of the alkali hydroxide the precipitate of 
pink cobaltous hydroxide is sometimes produced in the cold, only after standing 
some time. The rapidity of the reaction depends entirely upotj the concenttation 
of the alkali hydroxide. 

Cobaltous hydroxide gradually turns brown in contact with the air, going over 
into cobaltic hydroxide: 

4 Co(OH )2 + 2 H.O + O, -> 4 Co(OH), 

In this respect cobalt behaves similarly to iron and manganese, and differs from 
nickel, for the hydroxide of nickel is not oxidized by atmospheric oxygen. 

On adding chlorine, bromine, hypoch!oritc.s, hydrogen peroxide, etc., to an alkaline 
solution containing cobaltous hydro.xide, cobaltic hydroxide is iiamediately formed, 
as with nickel and mangancso; 

2 Co{OH)i + 2 OH" 4- Cb — 2 Cl" + 2 CotOHla 
2 Co(OH)i + IIOII + OCl" — Cl" + 2 Co(OH )3 

From ammoniacal c«»balt solutions the above oxidizing agents cause no precipita- 
tion, but merely a red coloration; the addition of polus-sium hydroxide then causes 
no precipitation (difference from nickel). 

The presence of non-volatile organic acids or of sugar prevents the precipitation 
of cobaltous and cobaltic hydroxides. 

Cobaltous hydroxide. OrfOrD^. behaves under some conditions as a weak acid, 
for on adding to a col)altous solutimj a very coiwentrated solution of KOII or NaOH 
the precipitate at first produced dissolves with a bhre c(»lor* similar to copper. 
By the addition of Rochelle salts to this blue cobalt solution the color either dis- 
appears almost entirely or becomes a pale pink, while the similarly treated copper 
solution becomes more intensely blue. By the addition of potassium cyanide to 
the blue cobalt solution it l)ecoinc.s yellow, and in contact with air turns intensely 
brown. A copper solution would be dccol<»rizcd by the addition of potassium cvaiiidc. 

By pouring a little cobalt solution (or adding a little solid cobalt carbonate) into 
a concentrated solution of cau.“tic soda or potash, t*j which a little glj’cerol has been 
added, a blue solution Is formed (the color being intensified by warming), and 
after standing some time in the air. or iimiicdiatcly upon the addition of hyilrogcn 
peroxide, it becomes a beautiful green. 

2. Alkali Carbonates produce a reddish precipitate of basic salt of 
varying composition. 

3. Ammonia, in tlie absence of ammonium .salts, precipitates a 
blue basic salt, soluble, however, in excess of ammonium chlori(l(‘, 


* Ed. Donath, Z. anal. Chun., 40, 137 (1001). 
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Xo precipitate is formed, therefore, in solutions which contain sufficient 
ammonium chloride, but the dirty-yellow, ammoniacal solution gradu- 
ally turns reddish on exposure to the air, owing to the formation of 
very stable cobaltiammincs. The bivalent ammines are not very stable. 

4. Ammonium Carbonate also precipitates a reddish basic salt, 
soluble, however, in excess. 

5. Ammonium Sulfide precipitates black cobalt sulfide, 

Co++ + CoS 

insoluble in ammonium sulfide, acetic acid, and verj'^ dilute hydro* 
cliioric acid (cf. p. 232); .soluble in concentrated nitric acid and aqua 
legia, with separation of sulfur: 

3 CoS + 8 HNOa -* 4 H 2 O -|-2NOt4-3S-|-3 CoCNOs)^ 

By continued action of strong nitric acid all the sulfur goes into solu- 
tion a.s sulfuric acid. 


'The addition of an ()X^di^inR agent always helps an acid to dissolve an insoluble 
sulfide. The solution in cuiit.act with a sulfide precipitate at first contains enough 
sulfide inn.s to satisfy the .s<ilubility product of the sulfide. \\’hen hydrogen Ions 
are added iionionizcd hytlrtigcn sulfide is formed unless the solubility product of 
tlie .sulfide is so small that less sulfide ions are prc.«ent than would be formed by the 
iotii/ation of ll;.S. If all appreciable quantity t>f lIjS Is formed, it can be expelled 
us u giLs aiiil the sulfide will di.^solve. Sometimes, however, this takes place very 
slowly and then tlu* addition of an oxi<li/ing agent is necessary. The sulfide ions 
in solution are oxidized to free sulfur. The solubility product of the sulfide Ls no 
longer rcachcMl in ,'iolution, for us fa.st as a little of the substance dissolves the sulfide 
ions arc oxidized. 


(). Ammonium Thioacetate precipitates col>altous sulfide from 
ainmoniaeiil solutions. Sodium thiosulfate has no action upon acid 
.solutions, and in neutral solutions an incomplete precipitation of co- 
baltous sultuk* is obtainnl. 

7. Ammonium Thiocyanate (T'ogol’s reaction).* If a concen- 
trated solutifin of ammonium thiocyanate is added to a cobaltous solu- 
tion, the latter becomes a beautiful blue, owing to the formation of 
ammonium cobaltot hioc 3 ’anatc: 

Co++ + 4 CXS“ 4- 2 X'H4+ ~ . (X'H.,) 2 [Co(CNS) 4 ] 

On adding water the blue color disappears and the pink color of the 
cobaltous salt take.s its place. If amj'l alcohol t (or a mixture of equal 

* Bcr., 12, 2314; Treadwell, Z. anorg. Chem., 26, 105 (1901). 

t r. T. Morrell first showed that cobalt salts give a blue color with ammonium 
thiocyanate, disappearing on the ad<lition ».f water, but reappearing when alcohol 
is added. Z. atuil. Chem., 16, 251. 
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parts amyl alcohol and ether) is added and the solution shaken, the 
upper alcoholic layer is colored blue. This reaction is so sensitive that 
the blue color is recognizable when the solution contains only 0.0002 
mg of cobalt. The blue solution also shows a characteristic absorption 
spectrum.* Nickel salts produce no coloration of the amyl alcohol. 
If, however, iron is present, red Fe(CNS)3 is formed, which likewise 
colors the amyl alcohol, making the blue color (due to the cobalt) 
very indistinct, so that, under some conditions, it can no longer be 
detected. If, however, 2 or 3 ml of concentrated ammonium acetate 
solution and 2 or 3 drops of 50 per cent tartaric acid solution are added, 
the red color produced by Fe(CNS)3 will disappear and the bhic color of 
the cobalt compound will be seen. 

The blue color is probably that of undis.-sociated (NH<);|Co(CXS)<I. hon 
the solution is diluted, the salt is ionized and the complex anion also is in equi- 
librium mth colialt ions; alcohol and ether probably dissolve only the unilis-ociafc'd 
(NliddCofCNS)^! which is evidently present to some extent in the aqueous solu- 
tion. Koithoff recommends the use of a saturated solution of NILC in acetoiie. 
On the spot plate 1 drop of solution and 5 drops of the acetone reajrent will yivc the 
test with 0.5 y of Co^. 


8. Barium Carbonate precipitates no cobalt in the cold and out 
of contact with air, but on exposure to tlie air cobaltic hydro.xidc is 
gradually thrown down. The precipitation takes place much more 
quickly on the addition of hypochlorites or hydrogen peroxide: 

2 Co-H--|-2BaC03+3 Il20d-0Cr-»2 Ba+++Cr +2 Co(OH),-t-2 CO,. | 


If the solution is heated to boiling, all the cobalt is prccipitaUsl as 
a basic salt, even out of contact with the air. 


9. Dicyandiamidine Sulfate gives no precipitsite in ammoniacal cobalt solntioii.s 
upon the addition of sodium hydroxide. If a .suincicnt quantity of cane sugar is 
added a complex ion of deep red color is formed witli the .sugar and there is no danger 
of precipitating cobalt hydroxide with the sodium hydroxi<lc. This red color can l.e 
t'Cen after the precipitation of nickel with dicyandiamidine sulfate. 

10. Dimethylglyorime gives do precipitate with an ammoiiiacal cobalt solutu)n, 
but a wine-red color Is obtained if hydrogen sulfide or ammonium sulfide is al.so 
present. 


11. Ether Saturated with Hydrogen Chloride docs not precipitate 
an anhydrous cobaltous salt, as in the case of nickel, but will dissolve 
the blue anhydrous cobaltous chloride. This funiLshes the basis of a 
method for separating nickel and cobalt. 

12. Hydrogen Sulfide produces no preciiiitatc in solutions containing 
mineral acids. In neutral solutions containing an alkali acetate all 
the cobalt is precipitated as black sulfide. 


• Wolff, Z. arwl. Chrm., 18, 58, 
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13. Hydrorubianic Acid gives with cobalt, in the presence of ammonia or con- 
siderable alkali acetate, a yellowish broisTi precipitate of 

HN = C - C = NH 

I I < i 
I S S : 
i \/ i 

5 Co > 


The test succeeds when nickel (cf. p. 235) and copper (cf. p. 135) are absent and 
0.03 y or more of cobalt is present. 

Place a drop of the solution on filter paper, hold in the fumes from a bottle of 
strong ammonia water, and then add 1 drop of a I per cent solution of hydrorubianic 
acid. 

14. a-Nitroso>^-naphthoI, CioH6(NO)OH, produces a voluminous, 
purplo-rcd precipitate of cobaIti-mtroso-/3-naphthol, [CioH6(NO)0]3Co, 
which i.s iiLsoluble in cold dilute nitric or hydrochloric acid.* 


Tliis reagent not only serves for qualitative purposes, but can also be used for 
(he iletertnination of colialt in the presence of nickel. The test may be applied 
eonvcnif-ntly l<» the solution obtained in tlie usual qualitative scheme after the 
reniovni of all metals except nickel and cobalt. A part of the solution may be 
used for the sensitive nickel test with dimethylglyoxime (p. 233) and the remainder 
for the colialt te>t. 

Dilute the solution to about ‘>0 ml, n<ld 4 ml of 6 .V hydrochloric acid and 20 ml 
of (i .\ acetic acid. Heat, add .*>() ml of a saturated solution of a-nitroso-d-naphthol 
in .'*0 per r-ent acetic m-id and boil. If ns much as 0.1 mg of cobalt is present, a 
red i)recipifate or turbidits- is <*btaineil even in the presence of 250 nig of nickel. 
\\ hen more than LV) mg of nickel is present, however, some of the brownish yellow 
nickel (a.iiipound. IC. .Hc(Nt).iO]:\i. will precipitate after the solution cools. 

The reagerit used in this tc-st .should be freslily prepared. a-Xitroso-j9-naphthol 
giadtially <lo( cniipo-es on standing in the air and changes from yellow to bromi or 
even black in color, p i-;in be purified by dissolving in hot sodium carbonate, 
filtering, and icpie-ii'iiatiiig with sulfuric achl. For all ordinary purposes the 
saturated soliiti.ai in .'»() per cent acetic acitl is suitable. The cobalt test can be 
m.ade more delicate l>y adding an eiiual volume of alcohol to the test, and for de- 
tecting {rai‘e> of cobalt, an aijueous solution of the organic substance can be used, 
but since ml <jf water are retjiiired to dis.solve 1 g of the a-nitroso-d-naphthol, it 
is eviileiit that the aqueoiLs stiliition is not suitable when much cobalt is present. 
An cxces.s of the reagent is require«l. a.* a part of it is used to oxidize the cobalt to 
the trivalcnt crnnlition. 

Copper gives a rharactcri.-tic coffee-brown precipitate with the reagent, and it is 
possible to separate laipper from load, cadmium, etc., by means of it. Ferric iron 
gives a brownish black I'lrccipitate which is insoluble enough to serve as a means of 
separating iron from aluminum, nKinganese, etc. Ferrous iron also gives a greenish 
precipitate in neutral solution. Of all these precipitates, however, the cobalt cora- 
pouiul is tlie mc*st charaeteiistic ami the len.'^t influenced by the presence of acid. 
Tints, with the acidity rccoimncmled above, the presence of a little ferric or ferrous 
iron cause.s no disturbance. 


* Ilinski and v. Knorre, Bey., 18, GOO 
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F. W. Atack* prepares the reagent by dissolving 0.1 g of a-nitroso-^naphthol in 
20 ml of water and 1 ml of dilute sodium hydroxide, filtering the hot solution and 
diluting to 200 ml. With this reagent, W. Boltgerf ha.s detected as little as 0.006 y 
of cobalt in 0.01 ml of solution. Place 1 drop of the solution to be tested on filter 
paper. If much acid is present, hold over the neck of the strong ammonia bottle. 
Add 1 drop of the nitrosonaphthol reagent and finally 1 drop of 2 N H:S 04 . 

16. Potassium Chromate gives a browmisb red precipitate of basic 
cobaltous chromate, CoCrOj * CoO • H 2 O. The precipitate dissolves 
in acids and in ammonia water. 

16. Potassium Cyanide produces in neutral solutions a reddish 
brown precipitate, soluble in excess of potassium cyanide in the cold, 
with a brown color, forming potassium cobaltocyanide: 

Co++ + 2 CN" Co(CN) 2 : Co(CN 2 ) + 4 CN' -> [Co(CN)6]" " 

On warming the brown solution for some time it becomes bright yellow 
and reacts alkaline; it now contains potassium cobalticyanide, analogous 
in composition to potassium ferricyanide. The formation of the 
cobaltic salt takes place with the help of atmospheric oxygen; 

4 [Co(CN)6r" + O 2 + 2 H 2 O 4 [Co{CN)«r" + ^ OH' 

The reaction takes place more quickly in the presence of chlorine, bromine, hypo- 
chlorites, etc.: 

2 [Co(CN}#r“ + Cl2-»2 lCo(CN)d'" + 2 CI 

An excess of chlorine, bromine, etc., docs not decompose the cobaltic suit (difference 
from nickel). 

The cobalticyanide anion is much more stable than the cobaltocyanide ainoii. By 
adding hydrochloric acid to the brown solution of potassium cobaltocyanide, hydrogen 
cyanide will be set free and yellow cobaltous cyanide formed, 

[Co(CN)*)“~ + 4 m-t-1 HCN + Co(CN)i 

while potassium cobalticyanide is not dccompo.sed by hydrochloric acid. 

If potassium nitrite and acetic acid are added to a solution of potas.mum cobaito- 
cyanide, the liquid Incomes blood-red in color owing to the formation of potassium 

nitrocobalticyanide, K«Coj(CN)»N02 • 3 ILO. 1 » • 1 •. 

If a solution of potassium cobaltocyanide is shaken with sodium hydroxide, it 
becomes brown and on adding yeUow ammonium sulfide a blood-red coloration i.s 
obtained. 

Potassium cobalticyanide forms, with most of the heavy metals, difiicultly soluble 
or insoluble salts possessing characteristic colors. Thus, it produces with cobaltous 
salts ^xik cobaltous cobalticyanide: 

2 [Co(CN)*]"" + 3 Co+^ COi|Co(CN)c]2 

and with nickel salts greenish nickelous cobalticyanide. 


• J. Soc. Chem. Ind. Japan, 34, 041 (1915). 
t Mikrochemie, EmuJi FesUchri/l, 1930, 28. 
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If. therefore, a cobalt solution contains nickel it gives, on precipitating and re- 
dissolving Nvith potassium cyanide, boiling, and adding hydrochloric acid, a greenish 
precipitate of nickelous cobalticyanide: 

2 [Ck)(CN)6]’'' + 3 [NiCCN)*!" + 12 12 HCN + Ni,[Co(CN)s ]2 

17. Potassium Ferricyanide precipitates brownish red cobaltous ferri- 
cyanide, Co3[Fe(CN)o]2, scarcely soluble at all in hydrochloric acid. If 
tartaric acid or amraonium chloride and an excess of ammonia are added 
to a solution of a simple cobalt salt, a clear solution is obtained; the 
addition of ferricyanide causes a j’-ellowish red coloration. This sen- 
sitive reaction has been recommended for the detection of cobalt in the 
presence of nickel. 

18. Potassium Ferrocyanide, precipitates green cobaltous ferro- 
cyanide, Co;.{Fe(CN)6], difficultly soluble in hydrochloric acid. 

19. Potassium Nitrite produces in concentrated solutions of cobalt 
salts, with the addition of acetic acid, an immediate precipitation of 
yellow, crystalline potassium cobaltinitrite. 

-f 7 XOr + 3 K+ + 2 11+ -> NO + HoO + K,3[Co(N02)6] 

If the solution i.s dilute, the precipitate appears only after standing for 
some time, but more quickly on rubbing the sides of the beaker. This 
reaction offers an excellent means for detecting the presence of cobalt 
in nickel salts. 

20. Potassium Thiocarbonate, K2CS3, added to an ammouiacal co- 
balt solution, gives a brownish or black color if much cobalt is present, 
and a wine-yellow color with verj^ little cobalt. 


lUrnX.TION OF i racfs of cobalt in nickel salts 


To test a nickel salt for cobalt, add a concentrated solution of am- 
monium tbiocyanate to tlu; solution of a considerable amount of the 
salt, a few milliliters of amyl alcohol and ether, and shake the mixture. 
After settling, if tlie upper alcohol-ether layer is colorless, then the 
nickel salt contains neither iron nor cobalt; if the layer is reddish, iron 
is present. In the latter case add 2 or 3 ml of concentrated ammonium 
acetate solution and 2 or 3 drops of 50 per cent tartaric acid solution 
and shake again; if cobalt is present the alcohol-ether layer is now dis- 
tinctly blue. 


Sometimes when ver}’ little cobalt and con.^iderable nickel arc present it is difficult 
to tell whether the amyl alcohol is colored blue or not. In that event pour the 
solution into a separatory funnel and draw off the lower layer consisting of the gre®a 
nickelous solution. .Wd a little more ammonium thiocyanate solution to the amyl 
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alcohol, 1 ml of ammonium acetate solution, 1 drop of tartaric acid solution and 
shake again . The blue color should now appear if any cobalt is present. 

Reactions in the Dry Tf'ay 

The bead produced by borax or sodium metapho.?phate is blue in both 
the oxidizing and reducing flames. By holding the bead in the upper 
reducing flame for a long time it is possible to reduce the cobalt to metal, 
when it appears, like nickel, gray. 

On the charcoal stick cobalt compounds yield gray metallic cobalt, 
which can be removed by means of a magnetized knife-blade, placed on 
filter paper, dissolved in hydrochloric acid and dried, as described on 
page 76. The paper is then colored blue by cobalt (difference from 
nickel). If, now, sodium hydroxide is added and the paper cxi>oscd to 
the action of bromine vapors, black cobaltic hydroxide, Co(On) 3 , is 

formed. 


Zinc, Zn. At. Wt. 66.38, At. No. 30 

Density 7.14. M. P.410". B. P. 918" 

Occurrence. - Smithsunite. ZnCO^. isomorphous with c:i!citc, CaCO,, etc.; sphal- 
erite, ZnS, isometric; calamine. Zn.SiO, • H=0, orthorhomb.c, hemunorp ne; 
zincite, ZnO, hexagonal; and fr.anklimte, (FeOddl'C.Mn.Zn), isomotric Ihc 
most important zinc ore i.s sphalerite, ZnS. Sulfule of zinc .s dnnorpluc an<l i.s also 
found as wurtzite, which cry.rtallizcs in the hexagonal systc.n- , , , . 

Properties. -Metallic zinc U bluish white. At low 
200" C it is Bo brittle that it can be pulverized, but at 110 -loO C it ductile ami 
can be drawn out into wire and rolled into foil. The metal wu.s f.mt 
Homberg in 1095, and it owes its name to the German word Zmfc. About l .jOO 000 

metric tons are produced annually. It is used ns a protective c(^i ing or non (,.i 

vanized iron), ul a constituent of brass, as the negative element m dry colLs. am . us 
oxide, in white paint. It form.s only one oxide ZnO, whicli can be pn pared > 
heating in the air zinc iteelf or its hydroxide, carbonate, nitiatc, oxalate, sulfide, oi 

lit ir:;iicct,o,„o,ivo .h. 

in aU acids; in hydrochloric,* sulfuric, and acetic acids with evolution of hidrogen. 

Zn -f 2 I1-* — Zn-*+ + H, T 

Zinc is such a strong reducing agent that it easily reduces nitric acid the extent 
of the reduction depending upon the concentration of the ac d. V\ith very con- 
cxmtrltJacTsome NO, I oMained. while dilute acid is reduced to ammonium 
nitrate. In ordinary acid the principal product is nitric oxide. 

3 Zn -f 8 UNO, 3 Zn^ -b 0 NO>' + + 1 ^ n O 

4 Zn + 10 HNOj — 4 Zd++ + 8 NO* + NH,NOj -b 3 II.O 

Concentrated nitric acid does not dissolve zinc readily because zinc nitrate is not 

very Boluble in strong nitric acid. 

- . Absolutel y pure zinc direolves very elowly in the.^ «cirb. I>nt the metnl dieeolv™ 
readily W ntmToUome metal lover to the electrcmot.ve «nee n> present. 
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Like aluminum, zinc dissolves in caustic soda or potash, with evolution of hydrogen 
and the formation of a zincate: 

Za + 2 OH" -» ZnOz"" + Hj t 

Zinc oxide, ZnO, is a white infusible powder, which becomes yellow when heated, 
but turns white again on cooling. Zinc oxide dissolves readily in acids, forming zinc 
salts: 

ZnO + 2 -♦ Zn-^ + H,0 

and in alkali hydroxides forming zincates, c.g., NajZnOj: 

ZnO + 2 OH" -» ZnO.- + H,0 

There exists only one series of zinc salts, and the zinc is always bivalent. Most of 
the salts are white. The chloride, nitrate, sulfate, and acetate are soluble in waterj 
the remainder dissolve readily in mineral acids. 


Reactions in the JTet JTay 

1. Alkali Hydroxides precipitate wliite, gelatinous zinc hydro.xide, 
easily soluble in exce.ss of the precipitant, forming a zincate:* 

Zii++ + 2 OH' Zn(OH)2: ZnCOH). + OH' HZnOa' + HoO 


Zinc hydroxide, like aluminum liydroxide, is amphoteric and behaves 
sometimes as a ba.se and sometimes as an acid. 

Oil boiling a dilute solution of a zincate, hydrolysis takes place and 
zinc hydroxide is iirecipitatcd, but if the solution contains an excess of 
OH ions, tliere is no precipitation. 

2 . Alkali Carbonates precipitate a white basic carbonate, of variable 
compo.^ition, as with magnesium. 

d. Alkali Phosphate precipitates gelatinous, tertiary zinc phos- 
piiate, whicli soon bect»mcs crystalline, and is soluble in ammonia and 
in acids: 

;i f 4 HPO^"" -> 2 H^POi' + Zn3(P04)2 

In tiu' presence ni ammonium salt, the Ic.ss soluble zinc ammonium phos- 
phate is precipitated; 


Zn+^ + -i- 2 IIPO^" IT 2 P 04 ' + ZnNH 4 P 04 

Both zinc phosphate and zinc ammonium pho.sphate dissolve readily 
in dilute acids, owing to tlie formation of very slightly ionized HP 04 ", 
and in dilute ammonia, owing to the formation of zinc ammonia cations. 
Acids, therefore', deprive the solution of PO 4 anions by forming 


• According to Ilanf zsch the zinc is not present as zincate, but probably in colloidal 
solution. Z. anorg. Chtni., 30, 2S9 (1002). In fairly concentrated solutions, how- 
ever, it is certain that the zinc is present as zincate. for F. Foerster and O. Giinthcr, 
Z. Electrochem., 6, .'lOl (1000), have isolated the compound, NallZnOj -3 HjO, oa 
needles with silky luster. 
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HPOr", and ammonia deprives the solution of zinc ions by forming 

[Zn(NH3)6]++. . . , , 

4. Ammonia precipitates from neutral solutions, free from am- 
monium salts, zinc hydroxide, readily soluble in ammonium salts, as 
in the case of magnesium, nickel, manganese, or iron. 

Zn++ + 2 NHa + 2 H 2 O Zn(OH )2 + 2 NH 4 + 

Zinc hydroxide is also soluble in an excess of ammonia, on-ing to the 
formation of complex zinc ammonia ions. 

Zn(OH )2 -f 6 NH 3 -> [Zn(NH 3 ) 6 l++ + 2 OH 

5 Ammonium Carbonate may precipitate a basic carbonate but the 
precipitate is soluble in an excess of the reagent. The presence of am- 
monium salts or of ammonia prevents the piecipitation. faintlv 

6. Ammonium Sulfide precipitates from neutral, alkaline 01 faintly 

acid solutions all the zinc as amorphous sulfide: 

Zn++ + S" ->ZnS 

Zinc sulfide is a precipitate difficult to filler; it 

paper, particularly on rvashing. Tins us ,a p..cul.ar.ty ™ 

L sulfides and of many otber amorphous Isxhes such ’ f 
droxide, titanic acid, tungstic aci.l, and ...any others, I ,s dm to thur 

^ «-red, 

it sr r : 

a considerable quantity of ammon • • which a little am- 

washed with a solution of ammonium chlor.de lo nl.nh 

monium sulfide has been added. 

• •» loa Vn'? from aiiimoiiiu riilsolutions but not 

7. Ammonium Thioacetate preo.p.tatos ZnS from an 

from acid solutions. Sodium tliio.sulfate l.us no eflec . 

• nn yinc in the cold, but on boiling 

8. Barium Carbonate prccipdatc.s no zim in 

all the zinc is precipitated as basic car >onate. 

9. Diphenylthiocarbazone, dithnone. ^ ^ 

neutral, basic, or acetate solutions a purp _ ^ ^ 

Dissolvo 2 mg of the organic ^ to.st tube. On shaking, tho 

reagent to 1 drop of the solution to >c ; ^ j .,„.H‘iit (II. Fischer, Feigl). 

irreen eolor of the reagent will turn to red if 0.9 7 of I 


^reon color of the reagent will turn lor » . 

The salt formed is usually formulated (cf. p. lao;. 

NH - NCcH* 

CS 

= NCJi* 


Nil - NCcHo 
' I 

Zm/2 

'n = NCelh 
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The test is not specific since manj’ other ions react with dithizone to give colored prod- 
ucts, Feig! recommends the following procedure for carrying out the test in an 
alkaline solution; 

Place 1 drop of the solution to be tested on a watch glass; add 1 drop of 2 A’ sodium 
hydroxide solution and a few drops of a solution of 0.01 g dithizone in 100 ml of carbon 
tetrachloride. Allow to evaporate somewhat and blow aw'ay the vapors of CCI 4 . 
A red solution will be obtained if 5 -y of zinc is present. 


10. Hydrogen Sulfide precipitates the zinc as sulfide, from neutral 
solutions of a zinc salt: 

Zn-^ -f US ^ZnS-\-2 H+ 

The solubility product of zinc sulfide (p. 2-3) is about 1.2 X 10^. At 25* the 
concentration of n putuintcd solution of hydrogen sulfide is about 0.1 molar, and the 
irniization cimstant for the complete ionization, HjS =^2 H'*’ + S”, has been esti- 
mated to be l.l X 10“-^. The concentration of tlie sulfide ion in such a .solution 
is approximately 1.2 X 10"‘- molar equivalent per liter. The solubility product 
of zinc sulfide is evidently cxece<led when the aqueous solution of a zinc salt is satu- 
inted with liydrogeii sulfide and zinc sulfide is precipitated. The mass-action prin- 
ciple applied to tlie i*omplcte ionization <tf hydrogen sulfide show.s that the eon- 
cenliatioii of sidfnr itins is invei^sely prop<»rtional to the square of the concentration 
n! the liytlrogeii ion.';. If tlie coiiceiiiralioii of the hydrogen ions Is increased one 
tliousa'nlbdd, and this is .•ip[)ri)\iiiiate|y the ease wlien the solution is tenth-normal 
with a mineral acid, the l•oIlc«•Ilf ration of the sulfide ions from hydrogen sulfide is 
ii du< i''<l to one-tnilli'iiiili <,)■ jts value in pure water. 

I lie sefiaiatimi of the second gmuj) of metals from the third group is usually 
arroinpli'he<] by (>a,'-iiig iiydiugen sulfide into a solution which is about 0.3-normal 
with hydroehloric or nitric acid. The coneentration of the sulfide ion when such a 
sohition i.s -saturated with hydrogen .sulfide at 25'* is about 1.1 X 10-». To reach 
the s.diibiliiy product of zin,- sulfide in 0.3-normal acid, the zinc ions should reach 
the coriceiitrafion of al>onf 0.1 1 ^nole pp|- liter, or about 0.7 g per 100 ml.* If the 
zinc salt has a trreatcr concent' (tiojj than this, some zinc sulfide mav lx? predpi- 
tate.l by hvdrogen .-ulfide in ' :;.normal acid solution. The precipitation would 
evidently he m. otnphue, for, a ijrne hyilrogen ion.s are formed in solution from the 

i\drogcn -sill fide as a re.suU of { ‘ .• .sulfide firecipitation, the ionization of the livdrogen 
sulfide ef>n(iiiii;dly ti'tnls ?<> be- • me less. 

If, however, considi’rable ;^dium or ammonium acetate is added to the acid 

solutinn. the coneenf ration of the hydrogen ion becomes much smaller and the 

ionization of the hydrocen .snllide l:ike.s place to a greater extent. It is then possible 

to precipitate the zinc a.- sulfide .so completely that le.ss than I mg of zinc will remain 
in bolutkin. 

Zinc sulfide dissolves readily in normal hydrochlorie acid. The sulfur ions from 
the zinc sullido enter ini., equilibrium with the hydrogen ion.s of the acid to form 
hydrogen sulfide. In normal acid solution, the concentration of sulfur ions from 
saturated hydrogen sulfide is about 1.2 X IQ-^^ and of sulfur ions from a saturated 
solution of ZijS in water about 3.5 X 


* ThiM \alue is merely an approNiniatiiin, being derived by a rough calculation 
from values which are not nbr^olutoly certain. 
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11. Potassium Cyanide produces a white precipitate of zinc cyanide, 
soluble in an excess of the precipitant: 

Zn++ + 2 CN' ZnCCN)^; ZnCCN)^ + 2 CN' ^ [Zn(CN)4]” 
The zinc-cyanide anion is decomposed by acids and by alkali sulfide: 

[Zn(CN) 4 ]" + 2 H+ Za(CN )2 +2 HCN 
[Zn(CN) 4 ]'‘ + S" ZnS + 4 CN' 

12. Potassium Ferricyanide precipitates brownish yellow zinc ferricyanide, 

ZndFeCCN)#!,, soluble in hydrochloric acid and in ammonia. 

13. Potassium Ferricyanide and Diethylaniline give a precipitate of zme ferret 
cyanide which is colored yellow, brown, or reddish by an oMdation product of dieth\l- 

aailine. ... 

Potassium ferricyanide can oxidize diethylaniline, as well as ot ler aroma lo 

forming colored organic products and potassium fcrroc\aiii e. 

place very slowly, but if something is added, such lus Zn- which reacts with the 
FeCCN),-— a.s fa.st as it i.s formed, then, in accordance witli ttic n^n.t.on aw 
the oxidation of the ethylaiiiline lakes place more rapidly. 1 l.e ' 

does take place rapidly indicates the presence of zinc, pro\u c< no iiiig ’ ^ 
that reacts with ferrocyaiiide. The test is suilahle for t. etc( ting 
of aluminum and chromium but cannot be used in t le ple^olllC o <o >a . > 

manganese, copper, or much iron. The test can he obtained with Ic.^s than 1 mg 

" Hace 15 drops of 2 per n-n. po.a>sium f-rri- yaiiid.- solution on a 

mix with 10 drops of a solution of 0.2.5 g dicihylaiii hne H^rcc roni " 

in 200 ml of 18 iV sulfuric acid or of 0..o g di.-th) l.nolmo m -00 ml of .. p. > I ■ 

phoric acid. Now add a drop of the solution to he tested, and. if 

dark reddish brown or reddish yellow coloration or precipitate will appear 

five minutes. 

14. Potassium Ferrocyanide prccipitute.s while zinc fcn-ocya.tide, 
which is changed by an excess of tlie pottussium ferrocyanide into K‘ss 

soluble zinc-potassium ferrocyanide: 

[Fe(CN)cr’* + 2 Zn2lFe(CN)fiI 

3 Zn2[Fe(CN)8] + KilFefCN)^ -> 2 K,Zn:,lFe(CN)6l2 

By treatment with bromine, the precipitate i.s changed into a yellow 

oxidation product. 

15. Potassium Periodate gives a white precipitate in 

presence of ammonium chloride tend.s to prevent the precipitation in the cold but 

boiling all the zinc ifi thrown down. 


Reactions^ m the Dry Way 


By heating with sodium carbonate on charcoal 
it U not possible to obtain metallic zinc on account 
an incrustation of oxide is obtained wliich Is ye ow 
when cold. 


before the blowpipe, 
of its volatility; but 
when hot and white 
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Zinc oxide (or such compounds of zinc as are changed over to oxide 
on ignition), wlien moistened with cobalt nitrate and ignited, jdelds a 
green infusible mass — Rinmami’s green. This test is performed as 
with aluminum (p. 194). 


ANALYSIS OF GROUP IH 

Separation of the Metals of Group III from the Alkalies 

and Alkaline Earths 

Tlie separation of the members of the ammonium sulfide group from the alkalies 
and alkaline e.-irths is elTectcd by means of ammonium sulfide and ammonium chlo- 
ride. If. liowever, the solution contains phosphoric acid, oxalic acid, or considerable 
boric acid, the nculralizution t)f the solution will cause the precipitation of calcium, 
Ktrunfiuni, barium, and magnesium :is phosphate, oxalate, or borate. Hydrofluoric 
acid Causes i'recij)it.'ition of calcium fluoride in this group. 

'1 here are four well-known ways for overcoming the difiicult}' caused by the pres- 
ence of pho.'<|)horic acid: 

1. The Tin Method. --When tin is boiled with concentrated nitric acid, insoluble 
rnetastiinnic nci<l i.< formc'd, which hjis the property of adsorbing IIjPOi and IIj/VsO*; 
if suflicicnl tin is u>c(l, all lljl’0« is removed from the solution. The filtrate from 
Grtjuj) II, thcicfore, j'an Ih‘ evaptirated to a small volume, treated with 10 ml of con- 
cenf rated 1 1 N( )j, again (‘vapoiafeil to make .«ure that all Cl' is removed, treated with 
more 1 1 N't ), atul wit li .-tnall jiort ions of pure Sn until a little of the solution fails to 
give th<’ tf't fur II I’O, with molybdate reagent. This uicthod is good but takes 
lime, anti rla- jni-fipiiatf is lianl to filler. 

2 . The Hasic Acetate Method. — Tliis procedure will be given in Table V. It 

calls for 1 he ])i e-ciice oi .at lea.-t one atom of Fe*'*"'’ for each mole of PO4 present, 
careful in lit ralizai i-m, and boiling with .'otlium acetate solution. Under these con- 
ditions, flir l’( I, is prccipiiateil as and the excess Fe*"^"*" as basic acetate. 

o. The Zircoiiyl Chloride Method. — ZrOCl, will precipitate POr'" from solu- 
tion.« wliieli aie !)..> A in I|('|. 'I'lu; excess Zr can be removed from the solution by 
taking a-h.uitagc of tlie fact fluit. after excess Zr is precipitated as Zr(OH)4 by 
adding Nll.tm ;,u,i l.uilinga minutes, the precipitate of ZrH(PO«), and Zr(OII)4 
i^^ h^t 1>\ liihue H(’l, 

lo <atrv out ill.- pro.ciiiirc. expel fljS from the filtrate from Group II, test with 
N H lOl i , ainl if ,1 I iiCi iiulatc fojitis inal.c a portion of the solution distinctly acid with 
IfNOj. heat ncarl> lo l.oiliug. and test with ammonium molybdate reagent. If the 
to.'^t is p.KMtiv.-, ad.l J g of .MI.Cl and 10 ml of ZKK’l. reagent (322 g of ZrOCI, • 
811,0 per lifer ' drupwi.-e. Stir vigorously, add 0.2 g of usbc.-.to6, make alkaline with 
NlUOlf, and boil two minutes. 1 liter hot with gentle suction, llefiltcr if neces- 
sary, and tc.st the lilimti- again for IIJ’O,. 

•1. I lie fourth im-lhod serves tij overoomo the precipitation of alkaline earths 
(but not magne.^iiim I as p!lo^p}l;^te. oxalate, or tluoride when the solution is neutral- 
ized with XH it )H. Lvajii»raf(‘ the solution to dense fumes after adding 5 ml of con- 
centrated M,.'*'04. < ool; add 1.) ml of water very carcfullv and 45 ml of alcohol. 

This servo.s to prei-ipitafc sulfates of Ihi. (\ and .'^r. Filter ami examine the filtrate 
forGroup-s HI ami V. Boil the precipitate with 3 A' X’a.COj. filter, repeat the treat- 
ment with NujCOj, and wa.sh tlie precipitate until the washings arc practically 
neutral to lilmu.s. Dissolve the residual carbonates in hot dilute acetic acid and test 
for Ba, Sr, and Ca in the usual way. 
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TABLE V. — ANALYSIS OF GROUP III 


Solution may contain Fe-, Fe--, AI*-^ Cr--, Mn-, Zn«, Co-, Ni-, and 

Groups IV and V. ^ , t' i o"^ 

AM NH,OH and {NH,) 2 $. FiUcr and examine J,.. P’ 1 

Dissolve ppt. in HCl and KCIOi. Evaporate, treat xdth haOH and ^a,0:, andJiUer. (-) 


Precipitate: FeCOH)i, HjMnOa, 

Ni(OH),,(Zn(OH),l. Dissolve in 
Evaporate and boil leith cone. i/AOi+AC/Oj. (3) 


Precipi- 
t a t e : 
MnOi. 
Z>u8o2iie 

tn HNOt 

+ HtO, 
and test 
forMn 
with 

NaDiOt. 

( 4 ) 


Filtrate; Fe+++, Co-h-. Ni-H-, (Zn-H-). 

Add NH^OH. (5) 7/ phosphate is present 

proceed as outlined in 6. 


Prccipi- 
t a t c : 
Fe(OH)i. 
Test jor 
Fe with 
K,Pe^ 
{CNh. 

(5 or 6) 


Filtrate: CojNIIa)* 

Ni(NHa).-H-, 

Saturate with lUS and trait ppt- 
with cold, normal IICl. (7) 


Residue: 
CoS.NiS. 
Dissolve 
in HCl 
andKClOi 
and evapo- 
rate just 
lodnjness. 
Add 

IIC:H:Oi 
and KNO: 
to precipi- 
tate co- 
balt as 
yellow Kr 
[CoiSOiU]. 
Filler and 
test the fil- 
trate with 
dimethyl’ 
fliyoiime. 
Red pre- 
cipitate of 
NKfCILC- 
NO);H), 
shows the 
presence 
of nickel. 
(8) 


Solution: Z n + + . 

traces of Co-H- and 
Ni-H-. Add haOH 
and iVoaOj. (0) 


P r e c i pi- 
ta t c : 
Co(OII)j 
NifOlDi. 

Add to res- 
idue of 
CoS, NiS. 
( 10 ) 


Filtrate: 
NajZnOj. 
Acidify 
u* i I h 
IICJi,0, 
and satu- 
rate with 
lIzS. Con- 
firm Zn by 
the /(*«• 

maun’s 
qrcen test. 
( 11 ) 


Filtrate: AlOi , CrO* , 
IlZnOr. Acidify with HCl and 
add MUCH. (12) 


Precipi- 
tate: 
AUOIDj. 
Dissohe 
in HCl 
and test 
n illi aln- 
or 

dissolve in 

HXOi. 

add 

Co{.\()ih 
nohilion, 
filter and 
ignite the 
residue. 

A red |)re- 
ei[>itate 
witli alu- 
iiiitioii or 
the for- 
inuliuti of 
Th^nard’s 
bhic by 
i^'nitiui) 
allows (lie 
presence 
of alu- 
iniiiiiin. 

( 13 ) 


Filtrate; Zn(NH>)e' 
CrO, — . Boil with 
Xa.CO,. till all \Hi is 
cipvllcd. (14) 


P r e c i p i - 

tate: Znr 

(OIi):COj. 

Dissolve in 
a little net, 
add 

MI, OH 

and 

HC,lI>Oi 
and test 
with 11:8. 
White pre- 
ei[)itutc; 
ZiiS. (15) 


Filtrate: 

CrO/- 

Add 

!l(\lhO: 

and Pb- 
(C'l 

e I I o w 
[1 r e c i p i- 
tate: 
PbCrO*. 

(16) 
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PROCEDURE 


1 . Boil a little of the filtrate from Group II until the hydrogen sulfide 
is expelled, pour the solution into a mixture of 5 ml 6-normaI nitric acid 
and 5 ml of ammonium molybdate reagent, heat to 60°, and allow to 
stand for ten minutes. If a yellow precipitate of ammonium phos- 
phomolj'bdate is obtained, members of Group IV are likely to precipi- 
tate as phosphates upon the neutralization of the solution by ammonia 
and ammonium sulfide. 

Boil the remainder of the filtrate from Group II until hydrogen sul- 
fide is expelled, and make alkaline with ammonium hydroxide. (No 
precipitate shows ab.spnce of Al, Cr, Fe, and alkaline earth phosphate.) 
Add ammonium sulfide reagent in small portions until, after shaking the 
flask and blowing away the vapors, a black coloration is obtained on moist 
lead acetate paper held near the mouth of the flask. Heat nearly to 
boiling, .shake, and let stand about three minutes. Filter; wash the 
precipitate wth water containing 1 per cent ammonium sulfide and 


finally witli pure water. If the filtration is slow, keep the funnel covered 
with a watch glass to avoid oxidation of the precipitate. Test the 
filtrate with a few dro[>s of ammonium sulfide reagent, and heat to see 
if any dark pivcipifate forms which should be filtered off through a 
fresh filler. Use the filtrate for the Group IV tests (p. 275). 

2. Dig(‘si the precipitate with 5-15 ml of cold, 6-normal hydrochloric 
acid for a f(*w minutes and afterwards boil for a short time. If there is 
a black residue, spi-inkle a little powdered potassium chlorate into the 
hot, but not boiling, solution. Then boil for a minute and filter. Reject 
the residue, which should be sulfur jw-'^sibly blackened by a little enclosed 
sulfide. Evaporaf(* the solution nearly to dryness to remove the excess 
of acid,^ dilute to atjout 25 ml, and carefully neutralize with pure sodium 
hydroxide. It a very heavy precipitate is produced, it is best to dilute 
with a little more water. To the cold solution carefully add a little 
sodium peroxide powder. (On account of the violent reaction with 
water, and the fact timt the powder often contains a little free sodium, 
care should he taken not to add the peroxide too fast or to a hot solution. 
Only a little peroxide should ho taken from the container at one time and 
it should be transferred directly to glass and never to paper.) Finally 
boil the solution to decompose the excess of peroxide, dilute with an 
equal volume of water, and filtt*r. The precipitate contains ferric 
hydroxide, hydrated manganese dioridc, cobalHc hydroxide, and nickelous 
hydroxide. The filtrate contains sodiu?n aluminatc, chromate, and zincate. 
The separation is fault}' in the case of zinc which normally sta 3 's in 
solution. As much as 5 mg of zinc may be carried do^Mi with the pre- 
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cipitate when much iron, nickel, or cobalt is present, and as mucli a.s 
20 mg by considerable manganese. This is probably due to the am- 
photeric nature of the precipitated hydroxides and the insolubility of the 
zinc salts of the corresponding acids. Examine the filtrate for chro- 
mium, aluminum, and zinc by § 12. 

3. Dissolve the precipitate in hot, 6-normal nitric acid, adding a.*' 

much hydrogen peroxide as is necessary to reduce the manganese and 
cobalt to the bivalent condition (cf. p. 35). Evaporate the solution 
nearly to dryness, add 15 ml of 16-uormal nitric acid and about 1 g 
powdered potassium chlorate, and heat to boiling. Add It) m more o 
concentrated nitric acid, heat to boiling, remove the flame, and add O.o g 
more of potassium chlorate. Repeat the treatment with fresli portions ot 
chlorate until about 3 g of chlorate have been used. Do not add the 
chlorate to the nitric acid solution while it is boiling, since an explosion 
is likely to result, but lx>il after tiio addition of eacli portion of chloiate. 
The treatment with chlorate is best accomplislied in a 2o()-ml -.rlenmeyer 
flask. If a precipitate of MnO-> is formed, filter through a thin la>ei o 
good quality, washed asbestos wliicli is supported !>} a itt <. ^ 
in an ordinary funnel. Test tlic filtrate for manganese by ding 1 g 
of potassium chlorate and boiling again, ^^ash the pr(ci|)i a e \m i 
little concentrated nitric acid, which has been fiecd fioni iiilion> > 
boiling with a little potassium chlorate just previous to use. LxanHne the 

filtrate for iron, cobalt, nickel and zinc, by §5 or by §0 if H. P-™'; 

4. Dissolve the precipitated manganc.se dioxide vitli a h- lu 

6-normal nitric acid and a few drops of hydiogeii pi roxic < . ‘ 

decompose any excess of the latter, and cool to looin tn|p( ‘ 

Add a little solid sodium bisinuthate, shake, and let »>»'; ' 

A purple solution shows the pre.sencc of maiKjamsc (cl. P; — ‘h 

5. If phosphate is alxsent, pour tlie cohl fiHiate from § d int.i 

of 6-norraal ammonium hydroxide which i» foin , 

volume of concentrated nitric acid used in § 3. j ‘ . , , 

indicates the presence of iron. Filter, and oxamme tin- hU ra o fu. . k 
cobalt, and zinc by § 7. Pour a mixture of 2 nil pota..siu.n ^ 

reagent and 10 drops of 6-normal acetic acid over 
ferric hydroxide on the filter. A dark blue or gi<<n ifs< 
filter proves that iron is present. , * .4 r.,.. 

6. If a test for phosphoric acid was obtained in § . " ‘ ^ 

as follows: Evaporate one-tenth of the solution rom § • i ■ 
dryness, heat with 3 ml of (i-normal hydn.chlonc a.-.d till n.; mo. c cl I nc 
is evolved, and add 20 ml of water with .. liUlo pote;.-^n,m fen oej .nude 
solution. If iron is present a dark blue c<ilor ls obtained. 

Neutralize the remainder of the mlric acid solution fiom ^ 
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ammonium hydroxide, adding the reagent until a slight precipitate is 
formed which does not redissolve by shaking for fifteen seconds. If 
no precipitate forms, add ammonium hydroxide until alkaline and pass 
on to § 7. If a precipitate forms, add 50 ml of water and 15 ml of 
3-normal ammonium acetate solution. Unless the solution is already 
reddish in color, add ferric nitrate solution, in portions of 1 ml, until a 
deep red color is obtained. Boil the mixture gently for three minutes, 
adding 50 ml more of water if a large precipitate forms. (If the iron does 
not precipitate but remains in colloidal solution, add 30 drops more of 
ammonium hydroxide and boil again.) By this treatment any phos- 
phoric acid is precipitated as ferric phosphate and the excess of iron 
added is precipitated as basic ferric acetate (see p. 213). Filter while 
still hot and reject the precipitate. Make the filtrate alkaline with 
ammonium hydroxide, filter if necessary, and treat the filtrate by § 7. 

7. Saturate the filtrate from §5or §G wth hydrogen sulfide, filter off 
the precipitated cobalt, nickel, and zinc sulfides, and reject the filtrate 
unless phosphate was found present and the procedure described in 
§ () was followed. In tliat case examine the filtrate for barium, calcium, 
strontium, and magnesium but not for the alkalies, as these have been 
added (p. 275). Do not, therefore, mix this filtrate with that obtained in 
the original separation of Group III from Group IV, which must in all 
cases 1)1* examined separately for alkali and alkaline earth cations. Digest 
the i>recipitatc‘d sulfiiles with 10-30 ml of cold, normal hydrochloric acid 
to dissolve any zim; sulfide that ma,v be present; a little nickel and a 
trace of colialt may he di.'i.solved by this treatment. Examine the 
solution for zinc by § 9 and § 11. 

8. li’st till' sulfide residue obtained in § 7 together with the sodium 
peroxide precipitali' obtained in § 9 for nickel and cobalt as follows: 
Dissolve the pn-cipifate in a casserole by adding 5-15 ml of 6-normaI 
hydrochUii'ic acid, heating to boiling and sprinkling a little potassium 
chlorate powder into the iiot solution. Filter off any sulfur residue and 
evaporate the .solution to dryness, bvit avoid overheating the residue. 
Dis^oK c in o ml of (i-norinal acetic* acid, add 3 ml of 6-normal potassium 
nitrite reagent, and allow to stand with occasional shaking for at least 
fifteen minutes. \ yellow precipitate of potassium cobaltinitrite proves 
coball to be present. If much precipitate forms, add to the mixture 10 ml 
more of G-normal potassium nitrite solution and about 3 g of powdered 
potassium chloride. After standing with freejuent shaking for another 
fifteen minutes, filter and reject the precipitate. 

To a part of tlie filti'atc, add 10 ml of water and 4 ml of dimetlndgly- 
oxime reagent. Heat to boiling and allow to stand for a few minutes. 

A red precipitate shows that nickel is present. 
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9. Neutralize the solution obtained in § 7 vdth sodium hydroxide 
and add sodium peroxide as in § 2. Examine the filtrate by § 11. 

10. If deemed advisable, any precipitated Ni(OH )2 and Co(OH)3 
from § 9 may be added to the sulfide residue obtained in § 7 and tested 

for nickel and cobalt as in § 8. 

11. Acidify the filtrate from § 9 with acetic acid and saturate the 
solution with hydrogen sulfide. Any white precipitate that forms is piob- 
ably zinc sulfide. Filter off the precipitate and dissolve it in 5-10 ml of 
6 N HNO 3 , pouring the acid repeatedly through the filter. To the solu- 
tion add from a dropper 1-3 drops of 0.3 N CofNCa). solution. Evapo- 
rate the mixture to dryness and add 1-3 ml of 3 N Na^COa solution. 
Evaporate again to dryness in a porcelain dish, and ignite the residue at 
a temperature below redness, keeping the dish in motion, until tlie purple 
color due to cobalt disappears. Cool and moisten the residue with 
water. A green residue shows the presence of zinc. If the mas.s lie- 
comes black, owng to strong heating, add a few drops of HNOa. evapo- 
rate to dryness, add Na^COa solution as before, evaporate, and again 


1 

^ 12. Acidify the filtrate from § 2 with HCl, adding 5 of the 0 .V 
acid at first and then 2 ml at a time, cooling after eacli fi^ltl'tion to 

reducing the chromate to chromic salt, .^dd o ml of ^ ^ ^ ^0 u 

tion and 6 N NH^OH till the mixture after shaking and blowing away 
the vapors smells of NIC. Finally add 5 ml more of Nil 40 ll, heat to 
boiling, filter off the AI{Ori)a precipitate and wadi it with Iiot water. 
Examine the filtrate for chromium and zinc by § U, and prove that the 

precipitate is Al(OH)3 by § 13. . . . • r t <• 

13. To apply the aluminon test, dissolve the precipitate in o ml of A 

HCl and add 5 ml of 3 A ammonium acetate .solution and o in of 0.1 
per cent aqueous aluminon solution (p. 101). Mix \\( anc 'c 
alkaline with a mixture of NH 40 II and (KHd.C.'Oa. A hijht red in- 
soluble lake, persisting in tlie ammoniacal solution, shows the pic^eiice 
of aluminum. To confirm the aluminum by the lh6nard blue reac- 
tion, proceed according to page 194. , 

14. To the filtrate obtained in § 12 add 15 ml of 3-normal sodmm 

carbonate solution and evaporate in a porcelain ca-sserole until no more 
vapors of ammonia are evolved. Then, if zinc is pre?'( nt, a v n e pro 

cipitate of basic zinc carbonate will appear. Fiitei am ' 

water. Examine the precipitate by § 15 and the filtrate by § 10. 

15. Dissolve the precipitate obtained m § 14 by means of 10 

hot 3-norma! hydrochloric acid. Make the solution ammoniacal, and 
add 3 ml of 6-normal ammonium hydroxide m excess If much zinc is 
present it will precipitate at the neutral point hut redissolve in t le ex- 
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cess of ammonia. If any precipitate remains of Al(OH) 3 , Cr(OH) 3 , 
or H 2 Si 03 , filter it off and discard it. Make the solution slightly acid 
with acetic acid and saturate with hydrogen sulfide. A white precip- 
itate of zinc sulfide shows the presence of ztnc. 

16. To the filtrate from § 14, add acetic acid to acid reaction and 
20 ml of water, heat to boiling and add a little lead acetate solution. A 
yellow precipitate of lead chromate is formed if chromium is present. 
A white precipitate of lead chloride which usually forms on cooling has 
no significance. Chromate anions are distinctly yellow in color, and it 
is unnecessary to test with lead acetate unless the solution is yellow. 

Quiz Questions. Precipitation of Group in 

1. In parallel columns wTiU (a) formulas of substances of Group III pptd. by NH«OH, (i) by 
(NH«)tS, (e) the colors of the ppts., (d) product of action of HCl and H.N'O, on (a) and (6), and («) 
pro<luct of action of NaOH and Na>0> on each of (d). 

2. (a) If the elements of the silver group arc not pptd. by first adding NH.Cl, where would they ap- 
licftr? Explain carefully. 

(b) If Pb were not completely pptd. by HtSO« where would it appear? Show by equations how it 
gois there. 

3. \Miy test for phosphate in the analysis for cations? Give on equation for the teat. Write an 
e<|uation to show the effect of KCIO, in dissolving the sulfide ppt. Why expel H*S before adding 
KIl.OH? Why is it sometimes better to pass HsS into an ammouiacal soln. than to add (NH.)sS? 

*1. Coriiplete utui bnlanco: 

M Fejis, +H*- (fc) NiCh+ excess NH.OH 

(e) MnCli + NaiOi + 11,0 (d) AlrS, + 11,0 (e) CrCl, + NasOj + H»0 

.*>. (o I If ill an net uni anal, the mixt. contg. ammonia and ammonium sulfide were allow'ed to absorb 
CO: from the air before hUerlng. what would bo the effect? 

(b) What conet ituente are pre.^ent in a aoln. of ammoBiuro eoJficlo? 

(c) \\ hy 18 H:S boiled off l)efore adding aoimoniuni sulBdc? 

G. (a) Why doesn't Al,S, ppt. when (XH.),S is added? Ot) Mg(OH)» is insoL in water. Why 
ppt. w-hot. '• magnesium nitrate reagent ” is prepared by dissolving a mixt. of Mg(NOJ». 
(N]l4)NOs, atul NHiOII in water? 

7. If ml of NusCrO. sohi. contg. 0.320 g of Cr is made 0.3 .V with HCl. satd. with H*S and the 

pptd. S IS rciuovt.<l. how many ml of 0 .V XH.OH will be required to neutralirc the soln. and bow much 
more for the complete of Cr(0H)j? 

8. l iiui the p,i of u 8 o!ii. contg. 3 millicquivaicnta of IICI and 5 g of NaCtHiOr • 3 H*0 in 000 ml 
of 90hh Assume the ?iilt cotuplclely ionized and the ionization const, of acetic acid l.S X 

0. Fnid the m of u poln. contg. 3 ml of G X NH 4 OH and 5 g of KUiCI in a vol. of 400 mL As- 
sume the salt to be completely ionized and the lonuation const, of the base to be 1.8 X lO^*. 

10. The Sp of Mg(OH)5 is 3.4 x I0“ii and of Fe(OH), is 1.1 X 10-». Find the pH >'alue of the soliu 
below which 1 mg of Mg** will not ppt.» and the pu value below which 1 mg of Fe*** will not ppt 
as hydroxides. Assume [ll*] x [OH’| = 10“**. 

11. Find the pu of (n) 0,002S X XaOHs (b) 0.028 .V HCiH,Oi and (c) 0,028 X NH<0H» artuming 
the strong b.^so to bo completely ionized and the ionizaUon constants of both the weak acid and the 
weak base to bo about 1.8 X 10“*. Assume (II*] X {OH’J - 


Quiz Questions. Aluminum Group 

1 . Give a tabular outline of the analysis of the A1 group. 

2. CompIcUj arid balance equations showing: 

(a) Two Stages in the action of nCl on NaAICH. 

(b) Two stages in the action of iiCl on NaZnOt 
(e) Cr'-** + NoUiO, + H ' 

(rf) Cr,OT + HaS + 11'' — . 


(<) Za** + excess NB.OH 
if) Cr*** + OH~ 4- KatO, 
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3. Complete the equations: 


(а) NaAlOi + HNO, (I equivalent) (rf) nnCrOi + HCI -f HjSO, 

(б) NaAlOi + HNO| (in excess) (<) Na:2nOj + HXOj (2 equivaleuis) 

(c) Co(NO|)* + Al(NOi)j (dried and heated) (J) Na:2nOj + HNOj (in excess) 

4. Would you expect any hydroxide which does not form a complex ammine to be $o!. in an ciccss 
of NH) soln. and not in NaOH sotn.? Can a hydroxide be readily eol. in XaOII soln. and practically 
insol in an excess of NH«OH? 

5. Given 500 mg of Cr as chromate in the presence of excess HCI. IIow many ml of sulfurous acid, 
density 1.04, contg. 10 per cent SOt by wt., will be required to re<iuce the CrOr“ to 

0. A neutral soln. contained 150 mg of Ag, 200 mg of Cd, and 250 mg of Mnas MnOT; Smlof^i.V 
HN0| and 5 ml of ^ NHiCl soln. were added and the ppt. removed by filtration, then lUS was intro- 
duced. 

(a) Write balanced equations for all the changes taking place as well as for those resulting on add- 
ing NHiOH to the filtrate after boiling out the H:S. 

(h) Calc, how many ml of 0 iV NBiOIi must be added to just neutralize the filtrate from the H;S 


ppt. 

7. (a) Can NH«A10s exist in the presence of water? What happens when it is boiled vvitli water? 
Equation. 

(6) If in an actual analysis no ppt. is obtainevl on adding XlliOlI bcf'^rc udding (NII*hS to ppt. 
the Fe and Al groups, what elements are euppoHilly absent? 

8. (a) Write equilibrium equations for the relation hctwcori CrO* und CrjO? 

(6) Name four reducing agents which act upon CrO< in acid tJolu. Illo-fraie by balanced o<|ua- 
lions. 

fl. (o) In the final pptn, of Al by means of exrw NliiOH, why {•n’t Cr ' \N )»y t 7.u’* 
What is the harm of adding a large excess of NHiOlI? 

(W Whet are the colors of separate i*olns. of KjOiO;, Cr(AcO)i, Xaj('r<)»? 

(e> What is meant by adsorption? How is it illai‘lrftte<l in ttio confirrnator> ic -f for .\r 
10. Given 520 rng of Cr ao chromate, how many lul of U.I25 .V Sn(‘l: «»lii. wiW r<:i‘ t wit)* it in the 
presence of HCI? 


Quiz Questions. Iron Group 

1. In tho qual. anal, of a aoln. coiit*. KMnO., FeCI,. Zi.fNO.h nti.J Ca-fPO.', <li>.«r>l> csl in UNO,, 
write balanced oquationa to ehow what happens at cacli of the follow ing slates of the ui.al.: 

(o) Tho soln. afUr treatment with NI1«CI is satd. with 

(6) After removal of the ciccas II jS, the lilt rate from (o) is treato*! with Nil itfll. 

(e) Without GItcring, the soln. is treated with (Nlit):S. 

2. Complete and balance the following equations: 

Ca+* + PO« + NlI.Oll — » Fe** + 

Ca++ + Fe*** + PO."”" + NH.OH -* M"** + Na^'H 

Fo+*+ + CiHjOr + HjO -* M»** + NuU't'i 1 11' 

3. Outline the tin and BaCO, methods as used instead of the hasir m otulv proonlorf for removing 

H,PO,. 

i. Deecribo the behavior of Fc** and Fo*** toward (FcfCN'l,) . (I'effN ),| and ( NS. 

5. If no Fe is present and a soln. contains l).248 g of P m phosphate, how many ml of .V l\tNO,l, 
soln. should be added to prevent pptn. of alk, cartli phosphulc on i.eutridimiioti? 

6. If the ionisation const, of HAcO is 1.8 X lU-». calc, tho convii. of 11* in moles per 1. (u) in 0-1 
AT HAcO soln. and «.) in 200 ml of soln, contg. 0.0 g of HAcO (mol. wt. and 10. 1 g of NaAcO -3 lIjO 
(mol. wt. 130). 

7. Complete and balauce the following equationa: 

(a) MnO, . HiO + HNO, + HrO, (<f> DiO, + UNO, + Mn»* 

(W Clo(OH), + HNO, + H>0, M"*’ + H' lO, 

(e) MnOr +H>0, +UNO, Fc**‘ + cxcpm NH.OH 

8. Bute what conditions are most likely to cause a part of any Zn present to appear in the Fe group. 
What is the probable explanation of this? 

e. MgCOH), U not very eoL in water. Why then is it not pptd. when KH, OH and (MMtS aro 
added to ppt. the Fe and Al groups? When is magneeium likely to ppL with Croup III? 

10. A neutral soln. contains W) mg of Ag*. 200 mg of Cd**. and 2.V) mg of .Mn a.. MnO.‘; 5 ml of 
0 N HNO, and 6 ml of 1 fV NH.Cl arc added und the ppt. filtered off. Then the soln. is diluted to 
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100 ml and said, with H:S. How many ml of 0 N NHiOH must now be added to brina the soId. to 
just the neutral point? Write equations for the reaction of each constituent. In the calculation 
show clearly the elTcct produced by each constituent, and deeignate each of the intermediate resulta. 


Quiz Questions* Nickel, Cobalt, etc. 

1. How is the HtS for the laboratory prepared? How could HiS be prepared from pyrite? As* 
sutning the laboratory gas to bo 40 per cent Hi and 60 per cent UrS» what vol. measured at 20^ and 
750 nan pressure would be required to ppt. 0.5SG3 g of Ni from ammoniacal soLn.? 

2. Complete and balance equations representing the reactions indicated: 

(o) and the dimethylgly oxime test* 

(6) and the cobalti nitrite test. 

(c) Borax bead and CoO. 

(d) CoCb, KCN and Br in presence of KOH. 

(«) Same reaction with NiCli. 

3. If a student is given a mixt. of solid MgCr04t Mni(PO0i and CaCOa explain what will happen: 

(o) When the poNvder is treated with water. 

(6) When acid is added. 

(c) When HS is added. 

(d) When NIhOIl and (XHOtS are added. 

(c) When the ppt. produced in (d) is analysed in accordance with the scheme for the Al and Fe 
groups. 

4. ^^ake a tabular synopsis of the Fe group (including the sepn. of the Ni and Co) in the absence 
of phosp)>atc; state the colors, formulas, and sulys. of all substances of in^portance in the i den ti 6 cations. 

5. WliQt happens to Zn(N0))t and to Co(XOa)s when they are ignited separately? What happens 
in the confirmatory test for Zn? 

0. Write equations showing how' Co** can t>e converted into Co(OH)«, K»Co(NOi)«. and K^CofCN)*. 
State how* Ni**^ behaves xincler similar treatment. 

7. H a ppt. contg. FeS. MnS. NiS, and CoS was analysed by the procedure given for Group 1I» 
where would the Fe, Mn, Ni. and Co give indications of their presence? 

8. If Cu, Bi, Zu, and Cd w'crc not pptd. in tbo proper place, how would these elements interfere 
with the analysis of Group III? 



GROUP IV. ALOXINE EARTHS AND MAGNESIUM 

CALCIUM, STRONTIUM, BARIUM, :MAGNESIUM 

GENERAL CHARACTERISTIC REACTIONS 

The metals of the alkaline earth group are bivalent and heavier than 
water, which they decompose slowly at ordinary temperatures, with 
evolution of hydrogen and formation of difficultly soluble hydroxides 
of strongly alkaline reaction (cf. p. 44). Ihe salts are mostly colorless 
and very slightly soluble in water. The halogen compounds, nitrates, 
nitrites, and acetates are soluble in water. 1 he carbonates are in.solul>le 
in water and are decomposed on ignition into carbon dioxide, and white, 
infusible, strongly luminous metallic oxitle: 

CaCOj CaO + CO: T 


Strontium carl>onatc is less readily decomposed than calcium carbon- 
ate, and barium carbonate loses its carbon dioxide only when heated 
to a white heat; its oxide is not very luminous. 

The sulfates and oxalates are very dUIieiiltly soluble. The sulfate 
of barium is the most irrsoluble sulfate, and calcium sulfate the most 
soluble; of the oxalates, the calcium salt is the most insoluhlc (cf. p. 277). 
The solubility of the strontium salt is always midway between tliat of 
the corresponding calcium and barium salt, for the atomic weight of 
strontium, of which the solubility is a function, lies midway between the 
atomic weights of barium and calcium. Ihe halogen salts aie volatile 
and impart a characteristic color to the llaine. 

The metals of this group form oxides of the general type RO, and 
peroxides corresponding to tlie formula RO:. The latter, on treatment 
with acids, give hydrogen peroxide and salts corresponding to the oxide 

RO: 

RO: + 2 HCl HsO: + RCL 


Magnesium is more closely related to this group than to the alkali 
metals. It can be precipitated with this group if the group precipitant, 
ammonium carbonate, is added to the concentrated solution together 
with an equal volume of alcohol. 


Calcium, Ca. At. Wt. 40.08, At. No. 20 

Density l-.W. M.P.SIO^ B. P. 1712“ ± 5^ 

Occurrence. — Culeium is widely distributed in nature. It is huind in enormous 
deposits in all stratified formations us carbonate tliinc-stone, uiarl)le, chalk), often 
rich in petrifaction. The carbonate, CaCO,, is dimorphous, crystallizing in rhom- 
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bohedroQs as calcite and in the orthorhombic system as aragonite. Calcium also 
occurs in large masses as sulfate, partly as monoclinic crystallizing gypsum, 
CaSO* • 2 HjO, and partly as anhydrite, CaSO*, which crystallizes in the orthorhombic 
system. Calcium also occurs as fluorite, CaFi, which crystallizes in the isometric 

system, with perfect octahedral cleavage; as apatite, 3 Cas (PO <)2 • Ca , which be> 


longs to the hexagonal system; and, finally, in innumerable silicates, such as the 
monocliuic wollastonite, CaSiOj, and the triclinic anorthite, CaAlaSiiOs. The cal- 
cium minerals are the principal representatives of several important isomorphous 
groups: 


Calcite Group, Rhombohedral. 

Aragonite Group, 

Orthorhombic. 

Calcite, 

CaCOa 

Aragonite, 

CaCO, 

Magnesite, 

MgCO, 

Strontianite, 

SrCO, 

Dolomite, 

)- 

Witherite, 

Cerussite, 

BaCOj 

PbCO, 

Siderite, 

FeCO, 



Smithsonite, 

ZnCOj 



Rhodochrosite, 

MnCOs 



Anhydrite Group, 

Orthorhombic. 

Apatite Group, 

Hexagonal. 

Anhydrite, 

CaSO* 

Apatite, 

3 Ca,(P 04 )t + Ca(a, F) 

Celestite, 

SrSOa 

PjTomorphite, 

3 Pbi(PO«), + PbCI, 

Barite, 

BaSOa 

Mimetite, 

3 Pb,(AsO«), + PbCl, 

Anglc.^^ite, 

PbSOa 

Vanadinite, 

3 PbjfVOa), -h Pba, 


Propertiesi. — Metallic calcium, first obtained by Davy in 1808, is silver-white 
when pure. It oxidizes in the air, forming calcium hydroxide, Ca(OH)j, and calcium 
carbonate, CaCOj. It decomposes water with evolution of hydrogen and forma- 
tion of the hydroxide. It dissolves in mercury to form an amalgam. Small quan- 
tities of ciilciuin are .sometimes alloyed with lead as a hardener. Metallic calcium 
is ol)tnincd by tlio electrolysis of fusetl calciiim chloride. 

The name calcium is derived from the Latin calx = lime. 

Caifiuin oxide, CaO, or quicKlimc, reacts readily with water liberating much 
heat (slaUin ; of lime). Tlie hydroxide (slaked lime) is much less soluble in water 
than arc I aim and strontium hydroxides and is formed upon the addition of alkali 
hydnixido o a concentrated solution of a calcium salt. Air-slaked lime contains 
caleiuin cai •.>onatc. 

Calcium peroxide, CaO- • 8 HjO, is made by adding HjOj or NasOj to the hydroxide. 

. be chloride and the nitrate of calcium are soluble in absolute alcohol or in a 

ixtiire of equal parts of alcohol and ether. Of the corresponding barium and stron- 
lurn salts only the chloride of strontium is soluble in alcohol. 

Calcium nitrate is much more soluble than barium nitrate in strong nitric acid, 
and the chloride is much more soluble than barium chloride in hydrochloric acid. 


Reactions in the fT'ct ff'ay 

Absolute Alcohol, or a mixtui-c of equal parts of absolute alcohol 
and ether, dissolves both the nitrate and chloride of calcium. 

All deliquescent salts, with the exception of potassium carbonate, dis~ 
solve in absolute alcohol. All other salts are, in general, insoluble, or 
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very difficultly soluble, in absolute alcohol. An exception to this rule 
is found in mercuric chloride, which is not deliquescent, and is much 
more readily soluble in alcohol than in water. 

2. Amm onia, provided that it is free from carbonate, produces no pre- 
cipitate with calcium salts; on standing in the air, however, carijonic 
acid is absorbed and a tui'bidity of calcium carl>onate results. 

3. Amm onium Carbonate, or any other soluble, normal carbonate, 
precipitates white calcium carbonate; the precipitate is voluminous 
and flocculent when it first forms, but soon becomes crystalline, par- 
ticularly when in contact with boiling water: 

Ca-H--|-C03““-^CaCOj (1) 


The precipitate is noticeably soluble in ati aqueous solution of the 
ammonium salt of any strong acid: 

CaCOa + 2 NH/ Ca+^- H- 2 NII 3 T + H,0 + CO, t (ID 


When ammonium carbonate Is the precipitant, cciuation (II) is (‘ssen- 
tially the opposite to equation (I) and the mass-action law shows liow 
the reaction can be made to go in either direction. An (‘xcc'ss ol tun- 
monium cai'bonate will favor tlie progress of etiuation (I), aiul boiling 
with a large quantity of an ainmoiiiuin .salt such as aininonium cliloridif 
will cause equation (II) to go to completion. 


Adiinonium carbonate is an unstable substance (cf. p. 2114 ). Coninici cial aiuinoniuin 
carbonate, often called arnmonium sesquicarl)uiiate, i.s a inixtiiie of approxinialoly 
equivalent quantities of ammonium bicarbonate, NlIjIICOj, and aiiinioniiiin car- 
bamate. NHiCOaNlL; the latter salt corresponds to normal ainmoiiiiitn ciiiLoiiiito 
less one molecule of water. Calcium carliamate is quite soluble in water Init by 
contact with water at GO® it Ijecoincs changed to insoluble calcium carbonate, The 
ammonium carbonate reagent is prepared with G S' aminonia instead of water; 
this prevents the hydrolysis of the salt and changes the bicarlHuiate to ainnioniuin 
carbonate. 

Calcium bicarbonate is soluble in water, so that any acid which is dissociateil to 
a greater extent than HCOj" will exert a solvent elTeot upon calcium carbutiate; 

CaCO, -1- IP Ca-^ + HCO,' 


Thus acetic acid dissolves calcium carbonate readily. Boiling the solution favors 
the progress of the reaction, since the IICO»" is also in equilibrium with IP and 
HiCOi and the latter with IIjO and CO,: 

HCOj' + IP IbCO, -» HjO + COi t 


and the carbon dioxide can l>c expelled completely at 100® (cf. p. 30). 

The precipitation of calcium carbonate from boiling dilute solutions containing 
ammonium salts is always more or le.s.s incomplete, for the reason.-^ that have just 
been given, but from cold wjiiccnt rated solutioms containing considerable alrohol the 
precipitation is practically complete. 
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4. Ammonium Ferrocyanide gives with calcium salts a white crystal- 
line precipitate of Ca(NH 4 ) 2 [Fe(CN) 6 j. If 1 drop of the solution to be 
tested is stirred with a few drops of a concentrated (NH4)4Fe(CN)6 
solution and 1 drop of alcohol, a crystalline precipitate will form if 0.025 
mg of calcium is present or a turbidity with less than 0.05 y. 

5. Amm onium Oxalate produces in neutral or alkaline solutions a 
precipitate of calcium oxalate, which when formed from cold solutions 
is composed of extremely fine crystals, hard to filter, while from hot 
solutions larger crystals are formed: 

C 204 “h Ca* * CaC 204 

Calcium oxalate is practically insoluble in water and acetic acid, but 
dissolves readily in mineral acids: 

CaC 204 + 2 H+ 5 =± Ca++ + H 2 C 2 O 4 

Calcium oxalate, unlike calcium carbonate, does not dissolve in acetic acid for the 
following reasons: (1) The solubility product of calcium oxalate is about 2 X 10“* 
while that of calcium carbonate is about 1.7 X 10^ (p. 22), which shows that the 
oxalate is somewhat less soluble in water than the carbonate. (2) The ionization 
constant of HCOj' is O.Ojoo, while that of HCjO^" is O.O46 and tlmt of acetic acid 
is 0.0,17; this is sufiicient to explain why acetic acid has little solvent effect upon 
calcium oxalate. To dissolve calcium o.xulate readily it is necessary to use an acid 
strong enough to repress the ionization of the first hydrogen of oxalic acid, for which 
the ionization constant is O.OGo. (3) The progress of the reaction cannot be aided, as 
in the case of the carbonate, by the loss of a volatile constituent. 

.-Vininonia rcprccipitute.'< from such a solution calcium oxalate; the excess of 
hycIroRcn ions, as well as the oxalic acid which was formed are neutralized. 

Calcium oxalate on being boiled with sodium carbonate solution is easily changed 
to carlxjnate: 

CaCiO, + COj" CaCO# + Cj 04 ”" 

This reaction takes place in the direction left to right when a large excess of CO*”” 
ions is pre.^ent in spite of the fact that calcium oxalate is somewhat less soluble than 
calcium carbonate. This is in accordance with the mass-action law (p. 2). An excess 
of CjOj" ions will make the reaction take place in the direction right to left. 

0. Barium Fluoride precipitates calcium fluoride, CaF 2 . The pres- 
ence of 0.8 mg in 10 ml of solution can be shown by this reagent. 

7. Calcium Sulfate solution produces no precipitation with calcium 
salts. (Note difference from strontium and barium.) 

8. Chromates of the Alkalies do not precipitate calcium salts from 
dilute solution. (Note difference from barium and strontium.) In 
a concentrated solution of calcium salt to w'hicb potassium chromate 
has been added, a precipitate of calcium chromate, CaCrO^ • 2 H 2 O, 

some time, or immediately upon adding two or 
three volumes of alcohol. iVdding ammonium hydro.xide favors the 
precipitation, but acetic acid prevents it. 
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9. The osazone of dihydroxytartaric acid, 

CfiHsNH - N = C - COOH 

I 

CsH^H - N = C - COOH, 


yields in aqueous solutions of alkaline earth salts a yellow flocculent 
precipitate in which the hydrogen atoms of the two carboxyl groups are 
replaced by alkaline earth. As reagent the solid sodium salt is used; 
it will show the presence of as little as 0.01 1 of calcium and will usually 
give the test in a drop of the mixture of 1 part of tap water with 30 
parts of distilled water. To carry out the test, place 1 drop of the solu- 
tion to be tested on a blackened spot plate or watch glass and add a tiny 

fragment of the reagent. 

10. Sodium Phosphate (Na:HP 04 ) produces in neutral solutions a 
white, flocculent precipitate of secondary calcium phosphate; 

Ca+^ + HPOr'-^CaKPOi 


If ammonia is added to the solution at the same time, tertiary calcium phosphate 
will be precipitated: ^ OH' - H=0 + PO,- 

3 Ca-H- + 2 PO«"" -» CaifPOOi 

Both of these phosplmtcs of calcuim are dissolved by hydroRea ions A glance at 
the table on page Iti shows that even acetic acid will i-epress the lomrat on of IbPO. 
to an extent such that it will exert a slight solvent action u,K>n Calll 0, and u|x,n 
Ca.(PO.).. Acetic acid in the presence of a soluble acetate, liowever will no dissol e 
Ca,(PO,), appreciably, from a solution obtained iiy diisolving calcium pliospliato 
ill acid, aininoiiia always precipitates tlic tertiary salt. 

11. Sulfuric Acid produces a precipitate only in coiiecntrated solu- 

CaCl. + H,SO, 2 HCl + CaSO. 

The precipitation is complete, however, if the .solution contains aliout 

75 per cent of ethyl alcohol, (-xIUDH. 

One hundred ml of water dissolves 0.214 g CaSO. - 2 H,0 at 40% but .nut-lt ^ 
than 1 mg will dissolve in the same quantity of alcohol. In the pre.sence of a slight 
oTtulfate io.»s. calcium sulfate is less soluble, hut the l^havior of ealemm sul- 
fate toward hydrogen ions is similar to that of calcium carWnate. Calcium acid 
sulfate is much more soluble than normal caldum sulfate and 
capable of repres.siag the ioni.atiun of liSO, will exer a solveut ffoct upon Ca.sO. 

Sulfuric acid itself, or any other strong acid, can exert , 

Calcium sulfate is also soluble in concentrated ammonium sulfate, owing to the 

formation of a complex anion : 

CaSO, + (NH 0 :SO«- {NH,),(Ca(S04)d 

12. Water decomposes the carbide, phosphide, and nitnde of cal- 
cium at ordinary temperatures, as follows. 


264 


ALKALINE EARTHS AND MAGNESIUM 


(а) The carbide: 

CaCa + 2 HOH -> Ca(OH )2 + C 2 H 2 t 

Acetylene 

Acetylene is evolved by the reaction, a gas with a peculiar odor.* 
If this gas is conducted into an ammoniacal copper solution, it rapidly 
produces a red precipitate of copper acetylide. The latter compound 
is harmless while it is moist; but in the dry state it can be readily 
exploded by a blow, by rubbing, or by simply warming. 

( б ) The phosphide: 

CasPs + 6 HOH 2 Ca(OH )2 + 2 PH, t 

Phosphine gas which is evolved with a garlic-like odor is spontaneously 
combustible, because it always contains a small amount of the liquid 
hydrogen phosphide (P 2 H 4 ). 

(c) The nitride: 

CaaNs + 6 HOH 2 Ca(OH )2 -H 2 NHa t 


Reactions in the Dry Way 

Calcium compounds, on being heated with sodium carbonate before 
the blowpipe, are changed to the white infusible oxide, which glows 
brightly when hot. 

1 ho volatile calcium compounds color the non-luminous gas flame 
brick-red. 

Flame Spectrum. — Orange-yellow double line (620.3 618,2 m^) 

and a yellowish green one (554.4 m/i, 551.8 m/i); both these lines 
belong to calcium oxide. If calcium chloride wet with hydrochloric 
acid is placed in the flame, a number of other lines are seen; in the 
orango-yellow 646.6 m^, 606.9 mju, 604.5 m/i, and 593.4 m/z, in the yellow 

581.7 mu and 572.0 m^u, in the violet, usually very difiBcult to see, 

422.7 m/i. 


Strontium, Sr. At. Wt. 87.63, At. No. 38 

Density 2.6. M. P. 752® ± 2®. B. P. 1639® ± 5® 

Occurrence. Strontium occurs quite commonly with calcium, but usually in 
much smaller amounts. There are only a few true strontium minerals. The most 
important of these are; Strontianite, SrCO,, orthorhombic, isomorphous with ara- 
gonite; and celestite, SrSO,, orthorhombic, isomorphous with barite. 

I ropertics. Metallic strontium is described generally as a silver-white metal, 
but some authorities ascribe to it the color of brass; the yellow tint is probably due 


• Pure acetylene is odorless. Almost all calcium carbide contains a little 
phosphide, which evolves phosphine on treatment with water. 
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to impurities. It is similar to calcium in its chemical behavior. It is prepared by 
the electrolysis of an aqueous solution of its chloride uith a mercury’ cathode. The 
amalgam obtained is heated in hydrogen to drive off the mercury. It can also be 
obtained by heating the oxide with aluminum in a vacuum furnace at 1000\ The 
hydroxide is more soluble in water than calcium hydroxide is, and it requires stronger 
heating to convert it into the oxide. 

The name strontium is from Slrontian, a town in Scotland. The metal itself has 
been available commerciallv since 1929, but there is very little demand for it. The 
hydroxide is used in the beet sugar industry and the nitrate for fireworks and red 
fire signals. The United States imports about 1,500 tons of strontium chemicals 

and ores annually. 

The white strontium oxide, SrO, is formed by heating the hydroxide, carbonate, 
nitrate, or salt of any organic acid. A higher temperature is require.! than m the 
case of calcium. About 0.7 g of SrO dissolves in 100 ml of water. The pero.xido, 
SrOj'8 HiO, is obtained by treating the hydroxide with hydrogen peroxide, h 
is only slightly soluble in water or ammonia solution but dissolves readily in acid 
or in a solution containing ammonium chloride. 


Reactions in the Wet Way 

1. Absolute Alcohol. The nitrate is not deliquescent, and does not 
dissolve in absolute alcohol. Strontium chloride is .slifjhtly deli.iues- 
cent; the anhydrous salt dissolves scarcely at all in absolute alcohol; 
but, on the other hand, 1 K of SrCl, • 6 H,0 dissolves in 116.4 g of cold 
alcohol and 262 g of boiling alwoKite alcohol. 

2. Ammonia; same as with calcium. 

3. Ammonium Carbonate: same as witli calcium. 

4. Ammonium Oxalate: same as witli calcium; but the strontium 

oxalate is somewhat soluble in acetic acid. 

5. Calcium Sulfate solution proiluces in neutral or weakly acid 

solutions, after some time, a precipitate of .strontium sulfate: 

Sr++ -f- CaSOj — > SrSO.( + Ca++ 

6. Chromates of the Alkalies produce in dilute solutioas no pre- 
cipitate (difference from barium): but from concentrated soutioas 

strontium chromate i.s precipitated. It Is n nno" 

100 ml of alcohol, 53 per cent by volume, will dtssolve 0.00- g .rCiO, 
and 0.088 g of CaCrO* at room temperature; 100 ml of 29 per cent alc^ 
hoi will dissolve 0.132 g SrCrOn and 1.22 g CaCrOi- The precipitate is 

quite soluble in acetic acid. _ 

7. Dilute Sulfuric Acid produces a white precipitate of strontium 
sulfate: 

SrCU -1- HsSO* 2 HCI + SrSO , 

Strontium sulfate is much less soluble in water than calcium sulfate 
(6,900 parts of water at ordinary temperatures dissolve 1 part brbU»), 
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but much more soluble than barium sulfate. It is somewhat soluble 
in boiling hydrochloric acid, and insoluble in ammonium sulfate. By 
boiling with a solution of ammonium or alkali carbonate solution, the 
strontium sulfate is changed to carbonate: 

SrSO^ + COa"" SrCOa + SO^" 

8. Sodium Rhodizonate, NajCjOj, gives brownish red precipitates with Ba and Sr 
in neutral solutions. As little as 3.9 y of Sr can be detected by the following spot test 
in which the Ba is converted into insoluble BaCrO«. Impregnate some filter paper 
with KjCrO« by moistening it with a saturated .solution and drying. Touch the 
paper with a drop of the solution to be tested, and after one minute touch the same 
spot with a drop of 5 per cent sodium rhodizonate solution (Feigl). 

9. Sodium Sulfite precipitates strontium sulfite from neutral or 
acetic acid solutions; the precipitate is soluble in hydrochloric acid. 


Reactions in the Dry IT'ay 

Heated on charcoal before the blowpipe the strontium compounds 
behave similarly to the calcium compounds. 

The volatile strontium salts color the non-luminous gas Same car- 
mine red. 

Flame Spectrum . — A number of lines in the red and orange-yellow 
and one in the blue. No bands in the green. Red 686.3 m/i, 674.7 m/x, 

662.8 mfj, 649.9 m^; orange-yellow 646.5 635.1 mu, 606.0 mu: blue 

460.7 m/i. 


Barium, Ba. At. Wt. 137.36, At. No. 66 

Density 3.5. M. P. 850°. B. P. 1140° 

OcnirrcJirc. Like strontium, barium is almost always foimd associated with 
c.'ilciuiTi. but only in small amount.s. The most important barium minerals are: 

ithente, BaCOj, orthorhombic, ismorphous with aragonite; barite, or heavy spar, 
Ba.SO<, ortborhombic, isoinorphous with anhydrite; and the hydrous barium alu- 
minum silicate, harmotome, Ba^UiUrSuOu • 4 U;0. Harmotome cry’stallizes in 
the inonorlinic system, and belongs to the class of zeolites. The name barium comes 
from llie Greek word bar/js = hejiv^'. The principal mineral is called heary spar = 

Properties. Metallic barium is usually described as of silver-white color but 
acconling to some oi)servers it is gold-yellow. Concentrated solutions of barium 
salt.s give prccipitatc.'i of barium chloride upon the addition of strong hydrochloric 
acid and of barium nitrate upon the addition of strong nitric acid. Insoluble barium 
salts, therefore, dissolve more readily in dilute hydrochloric or nitric acid than in 
stronger acid. Soluble barium salts are poisonous. About 350,000 tons of barite 
arc mined annually in the United States. Barium sulfate in a very fine state of siib- 
divi^ion is the hlanc JItc used in paints, so called because the paint does not darken, 
.a-o does white lead, when exposed to air containing hydrogen sulfide. Barium sulfate 
is an ingredient of lithopone paint. A small quantity of metallic barium is used 
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•A * • 11 ^ /> OS fl “ ffptter ” in radio tubes and alloyed with nickel for ignition 

which the mercury <;no-r>00’ in owcen. Further heating decomposes the 

Ba(OH). is much more s.ublc in ..ter than a. the « 
of the other alkaline eartlis and it melts ‘ ''iLlveL at the 

dissolves in 100 ml of l>ccomes turbid by al, sorption 

temperature of bmlmg. In the air, obtained by ignition of the 

of COi and precipitation of Ba i- „rc,i,iic acid. The temperature required 

hydroxide, carbonate, nitrate, or salt o . t.- heating 

however, much higher than with ^ oxalat^ 

to obout 900”, it is easy to “ 'Xis, but sitoilar boating of a bariu.,. 

precipitate to calcium oxjde in quanti . carbonate and very little. 

oxalate precipitate in a platinum cruci k 
if any, barium oxide. 


/Icnrfions in the Ifet IFov 

1. Absolute Alcohol dissolves ..either tlto ■'“[“‘j 
neither of these salts is delic.ueseent One hunt! < d ,nl of per 

‘‘'fllVn^^Tnl ~lum as with ealeiun. 

t — ut Oxalafe. sa„,e as tvdh ealehnn ^ s.™n.hu.b 

"•<£1... u « AM., ™|»' ““r; 

salts a yellow preeipifate of bar.un, ehnm.ato (dthtrcoc 
cium and strontium)- 

CrOi"' ^ BaCrO^ 

I ♦! .» UCrOr is ionized only to between 0,1 and 0.2 
The table on page 11 shotts that - stroneer acid, its ionization becomes 

per cent in 0.1 N solution. In the pre.^eiirc of u strong, r i. 

much less, and the equilibria ^ z-v - - 

H* + CrO.- HCrO.- und 2 IlCrO.' - H.O + Cr-.O, 

prog^ farther in the direetinn left to right nrl^but!: 

rinm, however, also depends upon the »;■«"' ™ ‘"" “ ions are 

In the saturated aqueous solution of ” ,, c„„si,leral>le estent 

present so that the torinatioii of the i ■ prevent llie pieeipitiUion 

when a little aeetic acid is adiied, and U is eas |„p,d, is so 

of as much as 0.5 g of strontium ions; harm,.. cl,ro....Ue, 
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much less soluble that it takes considerable acetic acid to have an appreciable 
effect upon its solubility. Thus a small quantity of barium can be separated from 
quite a large quantity of strontium by adding CrOi"" and a suitable quantity of 
acetic acid. 

If a more highly ionized acid is present, such as hydrochloric acid, the barium will 
not be precipitated as chromate, but by adding sodium acetate (cf. p. 51) the con- 
centration of the hydrogen ions can be reduced sufficiently to precipitate even a 
small quantity of barium as chromate. 

5. Concentrated Hydrochloric Acid and Nitric Acid will precipitate 
from fairly concentrated barium solutions the chloride and nitrate 
respectively. 

6. Dilute Sulftiric Acid, in even the most dilute solutions, produces 
a precipitate of barium sulfate: 

Ba++ + SOr" -^BaSO* 

According to the table on page 22, 1 1 of pure water dissolves about 2.5 mg of barium 
sulfate. In a slight excess of sulfuric acid it is much less soluble by virtue of the 
common-ion effect (p. 30). As with strontium and barium sulfates, the presence of 
an excess of hydrogen ions has a solvent action due to the formation of acid sulfate. 
This effect is appreciable with acids such as hydrochloric or nitric acid, but the 
solubility of barium sulfate is so slight that it requires treatment with hot, concen- 
trated sulfuric acid in order to get any considerable quantity of barium sulfate into 
solution, and dilution with water causes reprecipitation of barium sulfate: 

BaSO* + H:S 04 Ba(HS 04 )t 

Barium .sulfate is partially converted, as a result of the mass-action effect, into 
more .soluble barium carbonate by boiling with a concentrated solution of sodium 
carbonate: 

BaSO^ -I- XusCO, ^ BaCO, -f- NajSO* 

'I'o make tins decomposition qu.antitative, (he barium sulfate must be boiled with 
tlie sodium carl>onate solution, filtered, treated with a new portion of sodium car- 
bonate .solution, and the process repeated until the filtrate no longer gives a test for 
.'•ulfate. The more concentrated the sodium carbonate solution, the more com- 
j)letc will be the decomposition. The highest degree of concentration will be reached 
by fusion of the barium sulfate unth anhydrous sodium carbonate. 

Consequently, to obtain a solution of barium ions from insoluble barium sulfate, it 
is best to proceed os follows: Mix the solid with four to six times as much anhydrous 
sodium carbonate and fuse the mixture in a platinum crucible. Cool, boil the residue 
with a little water until thoroughly disintegrated, and filter. Wash the residue 
with hot, normal sodium carbonate solution, until the filtrate gives no test for sulfoto 
ions, and then with a little water. Dissolve the residue of barium carbonate in 
dilute hydrochloric, nitric, or acetic acid. 

If the product of the fusion were treated with considerable water, or if the residue 
were washed at once with considerable hot water, the dissolved sodium sulfate 
would react with the insoluble barium carbonate to form less soluble barium sulfate. 
'I'liis is preventetl, in accordance with the mass-action principle, by keeping the 
concentration of the sodium carbonate sufficiently large. 
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7. Fluosilicic Acid produces a white, crj-stallinc precipitate of 
barium fluosilicate: 

HjSiFs + BaCIj 2 HCt + BaSiFe 


In order to effect complete precipitation, the solution must stand some 
time. Barium fluosilicate is difficultly soluble in water and dilute 
acids, and insoluble in alcohol. 

8. Phosphates of the Alkalies : same as with calcium. 

9. Sodium Phosphate produces a white precipitate of barium phos- 
phate, BaHPOi, in neutral or alkaline solutions of barium salts as with 
calcium and strontium salts. According to Frcsenius, BaHPOi is con- 
verted only partially into BasCPOOs upon adding ammonium hydroxide. 


10. Sodium Rhodironate, NajCsOg. Place a drop of the neutral or acid solution 
to be tested upon filter paper and touch the wet spot with 1 drop of 5 per cent .^odiutn 
rhodizonate solution. If no brown spot is formed, both Ba^-^ and arc absent. 
If a brown spot is formed touch it with dilute IICl; if Ba is present the spot turns 
red but the acid merely dissolves the brown spot caased by Sr. ^ 

11. Sodium Sulfite gives a white precipitate of barium sulfite, BaSOj, which is not 
very solul)le in dilute acetic or very dilute hydrocliloric acid. 

12. Potassium Ferrocyanide added to a concentrated .solution of a barium salt gives 
awhile, cr>'stalline precipitate of barium iK.ta.ssiuin ferrocyanide, BaK.lFc(CX)d • 
3 H:0. In the presence of ammonium salts, tlie coini^sition of the precipitate 
varies. The precipitate is more soluble than the corresponding calcium salt. 


Reactions in the Dry Jr<jy 

Heated with sodium carbonate on charcoal before the blowpipe, tlic 
barium compounds, unlike tho.se of calcium and strontium, do not give 
a brightly luminous mass, because the barium carbonate formed rs not 
decomposed at this temperature into the infusible oxide and carbon 
dioxide, but merely sinters together. Volatile barium salts color iho 
non-luminous gas flame yellowish green. The sulfate is only slightly 
volatile in the hottest flame, and in the ordinary gas flame it shows 
scarcely any coloration. In order to obtain the coloration, it is best 
to change the sulfate into chloride, by reducing a small particle on a 
platinum wire in the upper reducing flame to sulfide. Then add a little 
hydrochloric acid by means of a capillary tube and hold m the flame 

which will now give the characteristic coloration. 

FUinw Spectrum.— A number of deep green lines, weaker lines m 

the orange-yellow part of the spectrum, and one blue line. 

Orange-yellow (654.0 m/i. C29.8 m;.), (624.0 m^, 617.9 610.9 ni/i, 

603.2 m^). Yellow 528.5, yellow triple line (576.9 m^, 5/2 mu, 
564.8 m^). Green 553.5 m/i, 534.7 rii//, 524.3 mu, 513.7 mu, 500.0 m^. 

Blue 484.7 mu. 
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Magnesium, Mg. At. Wt. 24.32, At. No. 12 
Density 1.75. M. P.651“. B. P. 1380“ ± 5* 

Occurrence. — Magnesium compounds are found very abundantly in nature. The 
most important minerals are magnesite, MgCOa, rhombohedral, isomorphous with 
calcite; dolomite, (Ca,Mg)COi; brucite, Mg(OH)i, rhombohedral; camallite, 
KMgCb • 6 H2O, orthorhombic; kieserite, MgSOa • HiO, monoclinic; epsomite, 
MgS04 • 7 HjO, orthorhombic; spinel, MgAliO^, isometric, isomorphous with 
miignetite, FeaOa, and wth chromite, FeCriOi- Magnesium also occurs in a great 
many silicates. Thus almost all the minerals of the olivine group contain more or 
less magnesium. To this group belong forsterite, Mg2Si04; monticellite, CaMgSi04; 
and olivine, FcMgSi04; all orthorhombic. An important decomposition product 
of the olivine minerals is serpentine, MgsH4Si209. Almost all the minerals of the 
pyroxcno-araphibole group, which are all related to orthorhombic enstatite, MgSiOi, 
contain magnesium: augite, Mg^UuSiOs; hornblende, an isomorphous mixture of 
MgjCuSuOii and 2 (Mg.UjSiO*); and tremolite, CaMg,Si40ij, all three forming 
monoclinic crystals, /^bestos is a variety of tremolite with very fine fibers. Meer- 
schaum is a magnesium silicate of the composition H4Mg2Si30io, and is quite similar 
to talc, H:Mg}Si40t2, sometimes called steatite. Magnesium also occurs in the 
vegetable kingdom, being an essential constituent of the complex organic compound 
chlorophyll. In 1928 the world production of magnesite amounted to more than 
800,000 metric tons, of which Austria produced nearly half. 

Properties. — Magnesium is a silver-white metal, worth about 75 cents a pK>und. 
Its name is from Magnesia, a province in Thessaly. The metal is obtained by the 
electrolysis of molten, anhydrous magne.sium chloride. This was first accomplished 
by Bussy in 1829. In 1929, more than a million pounds of the metal magnesium 
were produced. Alloyed with aluminum it is used a groat deal when high tensile 
strength per unit of weight is de.sired, as in aircraft construction and for the beams 
of the delicate balances for chemical work. The carbonate has been used a great 
<]cid !i.s an insulating material for covering steam pipes. Epsom salts, MgS04 • 7 HjO, 
are valuable in medicine, more than 40,000 ton-s being produced in 1929. 

Miignosiuin dccou'po.scs water very slowly, forming an oxide, MgO, which is only 
.slightly soluble in water, forming magne.sium hydroxide; the small quantity that dis- 
solves is largely ionized, so that the solution h;is a faint alkaline reaction. Mag- 
nesium burns in the air giving a dazzling white light and forming the oxide. Mag- 
nesium reacts directly witli nitrogen at 300’ C, forming magnesium nitride (MgjNj), 
which is readily dceomposed by water, forming magnesium hydroxide and ammonia; 

MgNj + 6n01I-»3 Mg(OH), + 2 NHaf 

Almost all salts of magnesium are colorless and soluble in water and have a bitter 
taste. The solubility products of magnesium hydro.xide, carbonate, phosphate, 
arsenate, and arsenite are so small that the.se substances may be regarded as insoluble. 
The sulfide, whioli can be prepared only in the dry way, is completely decomposed by 
water into hydroxide and hydrogen sulfide (hydrolysis). If an aqueous solution of 
magnesium chloride is evaporated to dryness on the water bath and the residual 
salt, MgCl- • t) HjO, is heated to 10()° or higher, a basic salt insoluble in water is 
formed: 2 MgCIj + H;0 — » MgjOCl. -|- 2 IICl T • 

When a saturated solution of magnesium chloride is mixed with magnesium oxide, 
the mixture soon solidifie.s, forming a mass hard as stone, known as magnesia cement, 
consisting of basic magnesium chloride. 
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The elements manganese and magnesium, as their names indicate, were often 
confused in the early days of chemistry, and both were called magnesium. Ihus 
the black oxide of manganese, MnO^, was named iruigncaid ni^ru, and the white 
oxide of magnesium, MgO, was called magnesia alba. In many of their chemical 
properties, the two elements aie similar- Manganese is characterized by forming 
compounds in several states of oxidation and is interesting for that reason, but mag- 
nesium is bivalent in all its stable compounds- Only one oxide is known witli 
certainty, and from it all magnesium compounds are derived. Tliis oxide. MgO, 
can be formed by burning the metal in the air or by heating the liydruxide. carbonate, 
sulfate, oxalate, etc. The hydroxide, Mg(OU)-, is not appreciably soluble in water 
although aqueous suspensions are sold under the name milk of magnesia. Con] pared 
with the hydroxides of iron, aluminum, etc., magnesium hydroxide is much more 
soluble and it requires a higher concentration of Oil ions to precipitate the 

hydroxide. 


Reactions in the JT et Ifoy 

1. strong Bases, siicli as the soluble hydroxides of sodium, potas- 
sium, and barium, precipitate wliitc, gelatinous magnesium hydroxide; 
the precipitation ls practically complete in the absence of ainmojiium 
salts or if the ammonium salt is all decomposed by boiling with an ex- 
cess of the strong base (cf. p. 290): 

Mg-^ + 2 Oir Mg(OH),- 

The solubility product of magnesium hydroxide (cf. p. 23) i-s abmit \ .2 X I0-'‘ at 
the laboratory temperature. TI.c saturated .solution of niagnc.MUin hydroxide in 
pure water contains al)out O.OOOOS.', mole or O.OOa g MgtOil): pn- liter. In the i.res- 
ence of an exccs.s of OH', the solubility of the inagne>ium hydroxide is iniieli lo.^s, 
aa a result of the common-ion elTeet (ef. p. :i0). an.l it is p<.^Mbh^ by keeping the 
volume of the solution small and u.dng a slight excess of the reagent, to leave le.<s 

than 1 mg of magnesium in solution. , , . ■ , 

The precipitation of magnesium liydroxide by means of tlie .dightly ionized am- 
monium hydroxide can never be made cojn[)letc. and if the solution already con- 
tains ammonium ions in .sufficient execs-s, no pre< i|.itatiori of magne.MUin h.ulroxnlo 
takes place. Moreover, if a precipitate of magru-Mum hydroxide 'x'ded wi h a 
solution of an ammonium salt, such a-s ammonium chloride, the preeip.lato < ..s.solves. 
This behavior is due U> the fact that the ionization of amm<>nium hvho.xide m the 
presence of ammonium salt (cf. pp. oO and 2'.)U) is reprosoc to sin i an ex en . as 
a result of the common-ion effect, that not enough Oil" ions are present at ^ny one 
time to satisfy the solubility pnaluet of magne.-iiim liydrox.de. since he Oil from 
the Mg(OII)i must be in e*iuilibriurn with tl«e Ml.* urns from M1»U. 

Formerly, the in«,mplete precipitation of magnesium liy 

explained by the assumption that comF>Iexsults such as MMMgObI m- (Mi,). AlgU.j 

were formed, but thLs explanation has Ix^eii di.scarded.* On the other hand, the fact 
that ammonium salts hinder the precipitation of inagnc.smm aminoimim phosphate 
and of the hydroxyquinolate doc.s point to tlie formation of complex magnesium ions. 


•Cf. Ix>vcn, iinorg. Chan., 11, 401 (ISUG); Treadwell, ibid., 37. 320 (l')03). 
and Herz, ibid., 38, 138 (lOO:}). 
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2. Alkali H 3 rpoiodite. The following test, which will detect 0.3 y of 
magnesium, depends upon the formation of a reddish brown, insoluble 
adsorption compound of Mg(OH )2 and iodine. To 1 drop of neutral or 
acid solution to be tested on a white spot plate, add 1 tiny drop of N 
NaOH solution and 1 tiny drop of N I 2 solution. Stir with a glass rod, 
and after one minute add enough more NaOH to make the solution 
yellow (Feigl), 

3. Ammonium Carbonate precipitates, in the absence of other ammO' 
nium salts, a basic salt (usually only on boiling or after long standing). 
The composition of the precipitated salt varies with the temperature and 
the concentration of the solution, the following salt being often obtained : 


4 iMg++ -h 4 (NH4)2C03 + H2O ^Mg4(C03)3(OH)2 + CO2 T 


_i_ c xm .+ 


The addition of an excess of ammonium carbonate reagent (p. 89) 
and an equal volume of 95 per cent alcohol causes the complete pre- 
cipitation of magnesium as MgCOs • (NH 4 ) 2 C 03 • 4 H 2 O from a cold, 
concentrated solution of magnesium salt. 

The magnesium ammonium carbonate is fairly soluble in_water, 
and the solubility increases rapidly viith rise of temperature. Thus 
no precipitate is obtained upon the addition of ammonium carbonate 
to a hot dilute solution of magnesium salt containing ammonium chloride 
and no alcohol. (Note difference from barium, strontium, and calcium.) 


H 

O 


1. S-TIydros^rn'-hioline, 



, for which the trivial name oxine has been’pro- 


.jcipiUUes rniignesiuin complete^' from ammoniacal solutions which do not 
cuutaiii too much ammonium oNalatc. The precipitate, Mg(C#H»NO)j, is often 
recoinmende<l for the quantitative determination of magnesium. The precipitate 
can be weighed or it cau be made to react with a kno^^^l quantity of bromine and the 
excess determined by titration. One molecule of the precipitate reacts with 8 atoms 
of bromine. 


5. p-Nitrobenzene-azo-a-naphthol, OjN 




, and p- 


nitrobenzene-azo-resorcinol, 0;X 



- N = 



OH, are veryisensi- 


H 


tive reagents for detecting magnesium. The former wiU indicate the presence of 
0.19 y of Mg"^ in a single drop of solution, and the latter will indicate 0.5 y of Mg*^. 
The reagents are prepared by dissolving 1 mg of the dyestuff in 100 ml of 2 N NaOH. 
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They will show the presence of magnesium in a single drop of tap water or in the ash 
of a qualitative filter paper. To caiTj’ out the test, mix 1 drop of the solution to be 
tested with 1-2 drops of reagent on a spot plate. According to the quantity of mag- 
nesium present, the reddish violet reagent vill give a blue precipitate or a blue colora- 
tion. It is necessary to make sure that sufficient NaOH has been added; if the solu- 
tion was too acid, the yellow color of the free dyestuff nill appear. In testing for 
traces of magnesium it is necessary to compare the resulting color with that obtained 
in a blank test. 

6. Potassium Ferrocyanide added to a cold solution gives a white precipitate of 
KiMglFefCN)*). If NH«+ is present, KNIUMgIFetCN)*) is formed. IfiRb^ or 
Cs'*’ is present the test is more delicate and Kb or Cs replaces K or NHi in the pre- 
cipitate. 


7. Quioalizarin (1, 2, 5, 8-tetrabydroxy- 
anthraquinone), 



of solution as little as 0.25 > of magnesium. The test is earned out as follows; Take 
1 drop of the solution to be tested on u spot plate, add 1 of water and mix 
with 2 drops of a solution containing 10-20 mg of quinalizann in IW If 

the solution is acid, the color of the mi.xturc will be yellowish red. Add - N NaOII 
until the color changes to violet and enough more to increase the totu volume 
25-50 per cent. If magnesium is present a blue coloration or Precipitate .iH 
be obtained. Compare the color with a blank test which should sllo^v a blue- 

violet color. 


8. Sodium Phosphate is the mo.st used reagent for magnesium 
In solutioiLS containing ammonium eblonde, and in the presence o 
ammonia, it produces a white crystalline precipitate (orthorhombic, 
hemimorphous) of magnesium anmioiiiuin pliosphate, 

Mg++ NHi+ + POi"'" + U HjO MgNHiPO^ • (i H2O 

From very dilute solutioas the precipitate separates only after stand- 

• tf.nrlencv to form .supoi’saturatcd solutions, 

mg some time, owing to the tenacney to ui .-juia 

Rubbing the sides of the beaker with a gla.'^s rod hastens the fo. mat ion 
of the precipitate. 

undergo hydrolysis: 

MgNH*PO* -b non ri Mg^^ + HPO4- + NH.OH (D 

The tendency to undone hydrolyse 

p. 57). A similar decomposition is caused by hydrogen ions alone. 

MgNH J^O. + Mg^ + HPO*-- + 


(ID 
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which lessen the tendency for HPO* " to ionize; the precipitate, therefore, dissolves 
readily in the presence of any acid which is ionized more than HPOi , even acetic 
acid (cf. p. 16). The presence of ammonium hydroxide prevents the hydrolysis, in 
accordance with the mass-action law. For this reason an excess of ammonium hy- 
droxide is usually added. Ammonium chloride, by virtue of the common-ion effect, 
lessens the quantity of ions required to reach the solubility product and causes 

reaction (II) to take place in the direction right to left; but, on the other hand, it 
should favor reaction (I) somewhat, because it represses the ionization of ammonium 
hydroxide. As a matter of fact, ammonium salts usually retard the formation of 
the precipitate, but do not eventually make it more soluble if an excess of anunonia 
if present. 

Neubauer has shown that the conditions are still more complicated on account 
of the tendency for gelatinous Mgi(P04)i and crystalline Mg(NH»)4(P04)3 to form. 
Tri-magnesium phosphate, Mgs(P04)i, is formed in cold, strongly ammoniacal 
solutions containing but little ammonium salts. The monomagnesium tetrammo- 
nium phosphate is formed in neutral or slightly alkaline solutions containing 
considerable ammonium salts. B. Schmitz has shown that beautifully crj’stal- 
line precipitates can be obtained in the presence of ammonium salts by add- 
ing sodium or ammonium phosphate to the boiling acid solution of the mag- 
nesium salt. Then, on adding 6 N ammonia equal to one-third the solution’s 
volume and allowing the solution to cool, complete precipitation, as MgNH4P04 • 

0 II 2O, takes place. 

9. Titan Yellow A. This dyestuff, Na2C23Hi8N6S40«, is yellow in 
neutral atiucous or alcoholic solutions but brown in alkaline solutions. 
When adsorbed by j\Ig(OH )2 a red color results which ^vi]l serve to 
detect 1.0 y of magnesium. To 1 drop of solution on a spot plate, add 

1 drop of 0.1 per cent Titan Yellow A solution and^mix ndth a little 
0.1 NaOH (Kolthoff, Feigl). 

Reactions in the Dry Way 

Mercuric Oxide heated with solid magnesium chloride converts it 
into magnesium oxide which does not dissolve appreciably in water. 
The mercuric chloride formed and the excess of mercuric oxide are 
volatilized. 

All magnesium salts are more or less changed on heating in the air, 
leaving behind the oxide or an insoluble basic salt. On charcoal 
with sodium carbonate before the blowpipe, magnesium compounds 
are changed to white magnesium oxide, which is strongly luminous 
when hot. Calcium, strontium, and aluminum compounds behave 
the same way. The magnesium salts axe non-volatile, do not color 
the flame, and give no flame spectrum, but do give a characteristic 
spark spectrum. 
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ANALYSIS OF GROUP IV 

Separation of Calcium, Strontium, Barium and Magnesium 

In the couree of a systematic analysis calcium, strontium, and barium are always 
obtained in the form of their insoluble carbonates, either by precipitation with am- 
monium carbonate (cf. p. 261) or by fusion of the sulfates with sodium carbonate. 
Magnesium is not precipitated with the alkaline earth if the solution is dUutc and 

contains considerable ammonium salt. , , „ t- 

A number of excellent methods have been propo.^od for the analysis of the alkaline 

earth group. The characteristic reactions of barium, strontium, and calcium are 
BO similar that difficulties are likely to arise in any scheme whenever a smidl quantity 
of one of these elements is present together witli a large quantity of another; thus a 
precipitate caused by the presence of much strontium may be confused with one 
produced by a little barium. The method of analy/iag tl.e group to be described is 

that recommended by A. A. Noyes. 

TABLE VI. — ANALYSIS OF GUOUP IV 


Solution may contain: Ba**, Sr 


• 1 '+ 


Cu+^ Mg**. I^*. Coiicenlrale (o 

10 ml: add 15 ml {NH,hC'0^ reagent, or marc 

CJ/.rf// Stir lei stand ZO minutes and filler. ^eslJi^irattfo^^a a^t^^\ 

CaCOt, and MgCO,- (.Nlf^hCOi, ■ i II fl. xn iynonnal llt jhlh, n,ot 

andKiCrOi. ( 1 ) 


Precipitate : 
BaCrO«. Uissolre 
in HCl. Evap- 
oraie to drynens. 
Test reaidue in 
flame, treat with 
3 ml of (^normal 
UCilWi, 20 nd 
of 3-n 0 r m a I 
Nil iCj/ZiOj, ami 
15 jni of water. 
Heat to boiling 
and test with 
KiCrOt solution. 
Yellow precipi- 
tate is BuCrOt. 
(2) 


Filtrate: Sr^*. Ca**. Mg**- 
>nl and add 50 wd f illflU. 
pajicr pulp and filler. (3) 


.Idd S’lliOII- Dilute to 65 
Shake the .solution irilh filler 


Precipitate: 

SrCiO«. Boil 

with U\Hih(^D» 
and KjCf)*. I'il" 
ler and reject the 
filtrate. Dis- 
solve residue in 
5 ml of nornuil 

(uld 2 ml 'jf nor- 
mal NavSOi so- 
lution. White 
precipitate of 
.SrS(J 4 ehows Sr 
is present. (4) 


Dilute uith TiO ml of water, add 3 ml of 
li-normal If «. prcct}nlatc 

form.'i, add iiu>re KiC.Ot if ncce^.sary, 
hiat and filler. (5) 


Precipitate; 
CuC-.O,, DissolfC 
in 5 ml of ti-nor- 
nial ll~SOt and 
add 20 drops of 

C-JhOll- Wliito 

precipitate is 

CaSO*. (5) 


Filtrate: Mg 
.■\dd ,\7/.a// and 
.Udll’Ot. Dis- 
sohe in 5 ml of 
'2-iiormul HiSOt, 
add 10 ml 
C:ll-J)ll and fil- 
ter if neresiary. 
.Ud SUfJn and 
An./i/'O,. Pre- 
cipitate is 
MgNH.PO,. (0) 


I'KOCKDUHE 

1 Evaporate the filtrate from Group III in a ca^-erole to complete 
1 . i^vaporate I toward the bust to prevent bumping, 

dryness, upon a water batli towaru 

Heat with a free flame until no more fumes are evol^ed, Cool, and 
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perchloric acid has been used in. the analysis, add 1 ml of 3 NH4CI, 
evaporate, and ignite again. Cool, add 10 ml of water, and heat to 
boiling. Filter and to the cold filtrate add 15 ml of 6 AT (NH4)2C03 
reagent and 15 ml of CjHaOH. If a large precipitate results add 15 ml 
more of these two reagents. Shake well and allow to stand, with 
occasional shaking, for half an hour. Filter and wash with a little 
of the ammonium carbonate reagent. The filtrate contains the alkali 
ions and should be analyzed by the procedure for the analysis of 
Group VII, page 295. 

Dissolve the precipitated carbonates by pouring small portions of 
hot acetic acid through the filter and evaporate the resulting solution to 
dryness \rithout overheating the residue. Moisten the residue with 2 
ml of 6-normal HC2H3O2, 10 ml of 3-normal NH4C2H3O2, and 10 ml 
of water. Heat to boiling and precipitate the barium as chromate by 
adding hot 3-uormal K2Cr04 solution, drop by drop, until no further 
precipitation takes place and the solution is decidedly yellow in color. 
Boil gently for about two minutes longer and filter through paper capable 
of holding very fine crystals. 

2. If a considerable precipitate of strontium carbonate is obtained by 
the procedure given in § 3 below, it is possible that a syfiall precipitate 
of chromate obtained in § 1 may be strontium chromate, and it is then 
necessary to try a confirmatory test for barium. Pour through the filter 
containing llie chromate precipitate repeatedly, 5 ml of hot, 6-normal 
IICl and evaporate th«‘ solution just to dryness. Tieat the residue 
with acetic acid, amtnonium acetate, and potassium chromate solutions 
exactly as i i 1. If a yellow chromate precipitate is obtained again. 
l)arium is pr ,t. 

3. To prec ate the strontium, add NH4OH to the filtrate from § 1 
till the color v '.he solution changes from orange to 3’’cllow and then 
add 5 ml more. Heat to about 65® and add 15 ml of alcohol in 5-ml 
portions, shaldni. fifteen seconds after each addition. Cool and allow 
to .stand at least five minutes. If considerable strontium chromate is 
formed, add 5 ml more of ix)tju^ium chromate solution and 15 ml of 
alcohol. Filter with suction but tlo not wash the precipitate. Place 
the filtrate aside for the calcium and magnesium tests (§ 5). 

4. Pour rcpeatedlj' through the filter containing the strontium 
chromate precipitate a 10-ml portion of boiling-hot water. Add ex- 
actly 1 ml of 3-normal Xa^COs solution and 12 ml of 3-normal K2C204( 
and boil gentlj' for five minutes in a covered casserole. Filter while 
hot and reject the filtrate. The precipitate will contain the strontium 
as carbonate, and any contaminating calcium ^^^ll be present as oxalate. 
Wash the precipitate thoroughly with water and dissolve the carbonate 
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in 5 ml of cold, normal HC2H3O,. To the solution add 2 ml of normal 
sodium sulfate solution, heat to boiling, and allow to stand ten minutes. 
A white precipitate of strontium sulfate shows the presence of strontium. 

5. Dilute the ammoniacal filtrate from § 3 with 50 ml of water, add 
just 3 ml of 3-norraal KoCnOi solution, and allow the mixture to stand 
at least fifteen minutes. If no precipitate of calcium oxalate is formed, 

pass on to § 6. 

If a precipitate is obtained, heat the mixture to boiling and add 3-10 
ml more of the K2C;04 reagent, according to the .‘=izc of the carlwnate 
precipitate obtained in § 1. Heat five minutes, filter, and wa.sli with 
hot water. Test the filtrate for magnesium according to § 6. Treat 
the precipitate, or a small portion of it, with 5 ml of 6-normal H^SO, 
to which 20 drops of alcohol have been added. Add 10 ml more of 
alcohol, and let the mixture stand for several minutes. A white pre- 
cipitate of calcium sulfate shows the prc^onct* of calcium. 

6. To test for magnesium ions, add 15 ml of 15-nonnal NIIA)!! and 
25 ml of normal Na-.HP04 to tlie filtrate from the K2C2O, treatment (;, 0). 
Cool, shake and allow to stand at least 30 minutes. Filter, reject the 
filtrate and wa.sli the precipitate oticc will, alcoliol. To confirm the 
magnesium, dissolve the precipitate in 5 ml of 2 .V sulfuric acid, add 
20 ml of alcohol, and stir well for two or three minutes. I liter off 
any calcium .sulfate that may form, and repeat the pn'cipitatioii of 
the magnesium as phosphate (cf. p. 273). 

COMPARATIVE SOLUlilLITIES OF ALK.VLINE EARTH s.^LTS 

The numbers in the table slum- tbc solubility in .nilliequjvalents per liter at 20^ 

The letters v.s. (very wiluljle) <Jcnolc more than 1 etjuivalent per lifer 


Sulfate . . . 
Chromate . 
Carbonate 
Hydroxide 
Ffuoride . . 
Oxalate . . . 


Me 


v.s. 

v.s. 

20 . 

0 3 
3 8 
.') 0 


Ca 

' Sr ; 

Ba 

30 

1.5 

0 02 

60 

12. 

0 03 

0 2 

0 2 

0.2 

4.'» 

130 

450. 

0 1 

1 0 

18. 

0 00 

0 5 

0.8 


Quiz Questions 

. 1 .t „ " ro.' " F" C»0.' aixl OH" compds. 

2 . SUirtinT^with Da**. Ca**. Sr**, aad Mg**, outline 

pl^ in the qual. anal, of thia many ml of 3 V K,CrO. mH be 

3. If a Boln. containe 0.2748 g of Da and ^ combine wiUi bolb Du** and Sr** and 

neccaeary to combine with the Da** alone and how much to combine 

eve .W per cent in exceeii? 
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4. Show how by the rcftctionB used in aziaL it is easy to make pure Ba(N0|)9 from BaClt, pure KCl 
from KzHPOtf and Ba(AcO)a from BaSOi. Give balaoced chemical equations for all the reactions in* 
volvod. 

5. Why do wc thizik that Na vapors are ia the atmosphere of the sub? What sort of fireworks are 
made from Sr(NO)) 9 » KCIO^, and ehcDac, etc.? 

C. Would NH 4 HCO) be a suitable reagent for the alk. earth group? Explain carefully. 

7. Explmn w'hy Sr is not pptd. when excess KtCrO^ is added to tho HAcO soln. of Ba*^*^, Sr**“*‘, 
and Mg^. 

8 . What chemical changes take place when KHcOH is added to the filtrate from tho BaCrOt 
pptn.? 

0. Write the chemical equations for the conversion of CrOi" ** ion into HCrOi'i and for the con- 
version of the HCrOt^ into Cr?07“ 

Write the mass-action expression for the equilibrium in each of these reactions. 

Fron^ these two expressions, deduce the mathematical relation between the conen. and the ratio 
of tho CrOi — to Cr:Or* • conens. 

10. A soln. contains 200 mg of Ba and 300 tng of Sr. Without allowing for an excess of the reagent, 
how many ud of 3 iV K2Cr04 would be necessary to yield the chromates of these dements? 
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GROUP V. THE ALKALI GROUP 

POTASSIUM, SODIUM, AMMONIUM 

metals potassium and sodium are the most reactive of all the 
common positive elements (cf. p. 44). They o.xidize very rapidly when 
exposed to the air and decompose water at ordinary temperatures, the 
hydrogen of water is reduced to the gaseous condition and he meta 
is oiddized to alkali hydro.xide in equihliriuin with alkali cations and 
hydroxide anions. On account of the extent of their ionization (cf. p. 11) 
the alkali hydroxides form very strong bases. The solid hydroxides 
are the most stable of all hydroxides; they do not break down into ox- 
ide and water even on being melted. The pure oxides are difficul to 
prepare; cautious heating of the metals in air results in the formation 

of considerable peroxide as well as oxide. 

The hydroxides of .sodium and potassium can be prepaied by di^ 

solving the metal or the oxide in water, by adding alkaline earth oxide 

to a solution of alkali carbonate, or by tbe electrolysis of “ 'p • d 

tion of alkali chloride. The last method is the only one of industiial 

'"Sumld potassium hydroxides are used - 

ions'of other analytical groups, 

cerof lali hydroxide dissolves tbe amphoteric hydro.xides of lead, 

antimony, tin, ,,,,ause the solubility 

Ammonium is classed " ‘ ‘ The ammo- 

;™m tue alkau miuals in being ..^e of ^^tion, 
the usual product ril'mliiu lixtiro.xidcs, and it.s 

m ,11, of 

most part, and readi y so . j cyanides, and the borates 

the tertiary and socondarj p o. i ‘ j J 

react alkaline in acjucous solution (h> 3 • ,.r>lnrs fn f I k' non 

lies are more or le,ss volatile and impart charauten.t.e . olors to the, non 
luminous flame. 
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POTASSroM, K. At. Wt. 39.096, At. No. 19 

Density 0.862. M. P. 62.3*. B. P. 760* 

The name potassium arises from the fact that potassium carbonate (potash) was 
one of the first potassium salts known and was found in the ashes formed by burning 
land plants. Potassium chloride and sulfate are important constituents of fertil- 
izers. The German name for potassium is Kalium. 

Occurrence. — Sylvite (KCl), isometric, and camallite (MgCl,-KCl-6 H,0) 
orthorhombic, occur at Stassfurt in the presence of halite and anhydrite; saltpeter 
(KNOa), orthorhombic prisms; further, in very many silicates, e.g., monoclinic 
feldspar (KAlSijOs), and muscovite (ICHjALSijOi,); also in plants in the form of 
organic salts, which on combustion yield potassium carbonate (potash). The an- 
nual world production of potassium salts corresponds to about 2,000,000 tons of K,0, 
and of this enormous quantity about 70 per cent comes from Germany. 

Preparation and Properties. — The element itself, which has no extensive commer- 
cial use, is prepared by the electrolj'sis of fused potassium chloride; it was first ob- 
tained by Davy In 1S07. Next to cc.sium and rubidium, it has the greatest reduc- 
tion potential of all metals. It oxidizes rapidly in moist air and is usually kept under 
kerosene. It decomposes water so ^^olently that the hydrogen liberated bimis with 
a violet flame, cause<l by small quantities of potassium vapors. 

Oxide. Potiissium oxide can be prepared by carefully heating in a limited volume 
of air, but potassium peroxide, K 204 , is formed when potassium is heated in an excess 
of oxygon. I he peroxide is a yellow powder and a powerful oxidizing agent. 

Solubil{lie.<<. The mctul and its oxides dissolve rapidly in water with liberation 
of coiis.iderable he.at. Potassium also dissolves in alcohol, with evolution of hydro- 
gen forming an alcoholate; 


2 C.IIjOII + 2 K 2 CzHiOK + H, 

The carbon.ate and sulfate are insoluble in alcohol. Almost all potassium salts are 

di!iSolv(Hl by hot water: exceptions are some silicates and complex compounds in 

vhich the pntas.«ium is a minor constituent. To precipitate potassium salts from 

aqueous solutions, it is de.sirablc to have the volume of the solution small and to keep 

itcolfl, Usually if . -■'C'ssary to add alcohol. The salts formed in precipitation re- 

.ictioiis vliich c i.i sc, \ -- for the detection of potassium ions are the chloroplatinate, 

acid tartnilc, -luo^ ilicatc, picratc, phosphomolybdate, perchlorate, periodate, fluo- 

titanatc. fli ozirconate, silver cobaltinitrite, and the double salt with zirconium sul- 
fate. 


Rcacfiori.s in the Wet Way 

1. Bismuth-Sodium Thiosulfate (Carnot’s* reaction), — If 1 drop 
of half-normal bismuth nitrate solution is mixed wdth 2 or 3 drops of 
lialf-normal tiiio.sulfate solution and 10—15 ml of absolute alcohol (any 
turiiiclity being removed bj' the cai’eful addition of a very little water), 

a sensitive reagent for potas.'^ium ions is prepared in which the bismuth 
is present in a complex anion; 

Bi-^ + 3 S 2 O 3 - — [Bi(Si03)3]'" 


* Z. anal. Clicm. (1897), ol_>. 
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The sodium salt is soluble in alcohol but the yellow potassium salt is not : 

Bi(S203)3"" + 3 K+ ^ K.[Bi(S.03)3] 

The presence of ammonium chloride interfere^ with the test 

2. Chloroplatinic Acid,* H.[PtCbl, gives in concentrated solutions 
of the chloride a yellow precipitate of potassium chloroplatinate, 

PtCir' + 2 K+ K,[PtCl,l 

which consists of small regular octahedra (visible with a magnifying 
glass). If the potassium solution is not very concentrated, no precii>- 
itation may appear at first; but on rubliing the inside of the bea.ei 
or test tube with a glas.s rod the formation of the precipitate uill 
hastened. NH 4 +, Cs+. and Rb+ ions give similar precipitates. 

Whenever a crystalline precipitate is funned. 

the precipitate separates uut, and the furniation u . 

mation of small scratche:> on the sides of tlie 1 km or. it 

The behavior of the puta.vMum chloroplatinate on .gn.tu.n ... charaetcrutn , 

is decomposed into chlorine, plutinuoi, and potas^Hlm < ion e 

K4PtCU)-2KCl + Pt + 2a.f 

If the products of ignition arc treated will, water. 
the filtrate will again g.vc with chloropIaUn.c aen l.e y ^ 

of KilPtCU). (Note difference from ammonium . hloM.pUitn. 

Soluinlily of the Potassium (:hloro,MtimU in 1 ( ot<r 

One hundred ml of water dissolves at 0% 0.70 g; a. 10^ O.UO g; a. 20’, ML* g: 

andatlOO®,5.18gK:lPlCUl- ..Icohol the precipitate i.» pmctically 

In a saturated KCl solution, or in 75 per cent akoiioi, im p i 

insoluble. ,.i.l,..i.le The addition of chh.roplatinie ueul 

For this reaction it is best tou-sethe c color due to the eonveivion 

to potassium iodide solution causes a deep re.hh.d. ^ 

of IPtCUl" into [PtUl-- ion. of which the potassium salt is more 

[PtCUl" +01 

o • I i» not nrcrinitaled by eliloroplalinic luid, owing to 

Similarly, potassium cyanide is not pro i 

H^di^erylamine isdissolved in concentratc.l sulfuric acid 

• Platinic chloride, PtCU. gives no Lid 

only after long standing. The above > P solutiun is prepared of 

and is obtained by dissolving platinum n aqim regi . 

such strength that there are 10 g of ^ *"*■ 

t N . S. Poluektov, A/tfcrocAcmte, 14, 20.j ( lOJ-J-d 1 ) • 
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and this solution is introduced into fuming nitric acid, hexanitrodiphenylamine 
(p-dipicrylamine) is formed: 


(C*H»)j NH + 6 NHO» 



After the stormy reaction has abated, heat the reaction mixture gently to complete 
the nitration. Pour into ice water, filter, and wash until free from acid. Recrys- 
tallize from glacial acetic acid. As reagent dissolve 0.2 g of the yellow dyestuff 
(m.p. 234“) in 2 ml of AT NajCXDa and 20 ml of water; heat to boiling, and filter. 
The sodium salt of p-dipicrylamine dissolves in water to a yellow solution, which 
gives with !<■*■ an orange-red, finely crystalline precipitate. Rubidium, cesium, and 
considerable ammonium give sicoilar precipitates. The test can be obtained on 
filter paper with 3 -y of K"*" in the presence of 10,000 times as much solution. 


4. Fluosilicic Acid, H 2 SiFo, added in considerable excess to a solution 
of a potassium salt, precipitates gelatinous potassium fluosilicate, 

SiFe"" -H 2 IC+ KzSiFe 


which is difficultly soluble in water and dilute acids and insoluble in al- 
cohol. On heating, it is decomposed into volatile silicon fluoride, and 
potassium fluoride remains behind: 

KaSiFe ^ 2 KF + SiF4 T 

Tlie solution must not be alkaline; the fluosilicate ion decomposes 
and silicic acid precipitates: 

ISiFe]" + 4 OH' Si(OH)4 -f- 6 F" 

5. Perchloric Acid, 110104 , precipitates white, cr>’stalline potassium 
])erchlorate: 

H(;104 + K-*- ^ n+ H- KCIO 4 

100 nil of water at 0° di.'^solves 0.75 g, and at 100® 19.8 g of KCIO4. It is 
so slightly soluble in 97 per cent alcohol that the precipitate can be ob- 
tained witli lcs.s than 2 mg of potassium ions. 

A dangerous explosion will result if the alcoholic solution is heated 
and the vapors take fire. 

6. The reagents used in testing for alkaloids — picric acid or sodium 
picrate, sodium phosphotimgstate, and phosphomolybdic acid — give 
precipitates with potassium salts. With picric acid and phospho- 
molybdic acid the precipitates arc yellow, but the precipitate produced 
by phosphotungstie acid is white. 

7. Sodium Cobaltinitrite, Na3[Co(N02)6]) precipitates yellow potas- 
sium-sodium cobaltinitrite from neutral or slightly acid solution: 

Na3lCo(N02)6] + 2 KCl K2Na[Co(N02)6] + 2 NaCl 



POTASSIUM 


283 


Similar precipitates are obtained with Rb'*' and Cs"*". The test must not be 

made in an alkaline solution or Co(Ori)3 will precipitate. If the reagent is prepared 
as recommended by Biilmann ,• as Uttle as 0.0009 mg (0.9 y) can be detected in the 
presence of 4,000 equivalents of Na. Since Kj.’VglCofXO;),) is less soluble than 
KjNalCofNOi)*) the following procedure is reconiniendcd for detecting 1 y of potas- 
sium in the absence of halide: Place I drop of the neutral or acetic acid solution on 
a black spot plate together with a drop of 0.0.5 per cent AgNO, reagent and a little 

solid Naj(Co(NO*)«l (Burgess and Kamin, FeigU. 

8; Tartaric Acid, produces, in not too dilute neutral solutions of 

potassium salts, a white crystalliue precipitate of potassium acid tartrate (ortho- 
rhombic, hemihedral): 

K* + H2C«H406 — KHC4H.O. + 


RubbiDB the inside wells of the dish will l.astcn the formation of the Precipitate. 

Potassium acid tartrate is readily soluble in miuoral acids, hut d.mciiltly soW.le 
in acetic acid and water; 100 ml of water at 10‘ C dissolves O.J.o g of this salt. The 
addition of a little sodium acetate iucreasc.s tlic sensitivity of this test, but too much 
is harmful. The precipitate dis,solves in l.ot water and in dilute solul.otts of caustic 
alkalies and ammonia. Potas,sium acid tartrate is an important constituent of many 
baking powders; it is called rr<o,„ o/ (orltir. Upon ignit.on pot.a.ss,uin carbonate and 
carbon are formed and empyroumatic vapots (odor of Inirnt sugar) are given off. 


9. Zirconium Sulfate, Zr(SO,),, in conceiilrati.d, aqueous soliitiotis 
preeipitates a double sulfate even in the presence of considerable .sodium 
ammonium, Uthium, ruliidiuin, and ce.smin ions. One ° 

potassium can be detected in 2 ml of solution. ( ec ee an< i irott , 
J. Am. Chtm. Soc., 61, 1062 (1929).) Potassium fluorzireouate, K.ZrK, 
is another difficultly soluble salt; 100 ml of water dissolves about l.o g 

at room temperature. 


Reactions in the Dry If ay 

Potassium compounds color the 

presence of very small amounts of sodium o rscuie.-, u vt t _ j ,. , 

if the flame is viewed through cobalt glass or indigo solution, 

violet potassium rays pas,s through, while the yellow sodium rajs are 

Flame Speefrum. - Potassium gives a characteristic . 

A double red line, 709.9 mp and 766.5 mu (appearing as a single line « ith 

weaker ^persion), and a “o"^ arc vis- 

535.1 mfi and 511.3 m/i- 


Z. anal. Chem., 39, 284 (1000). 
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SODIUM, Na. At. Wt. 22.997, At. No. 11 

Density 0.97. M. P.95.6®. B. P.882.9® 

Sodium (natrium) is a silvery white metal with metallic luster when not coated with 
oxide by exposure to air. It is a good conductor of heat. It oxidizes rapidly in 
moist air and hence is kept under benzene or kerosene. It decomposes water but not 
as violently as potassium does; the liberated hydrogen gas sometimes takes fire. It 
bums at a red heat with a yellow flame. The name sodium is derived from soda 
(NajCOj), one of its first kno^vn salts. 

Occurrence. — Sodium occurs very extensively in nature. Its most important 
mineral is halite, or rock salt (NaCl ), isometric system. Halite is found in very large 
deposits, often quite pure, but usually contaminated wij,h clay, anhydrite, and gypsum. 
Dissolved sodium chloride is present in large amounts in the ocean and in many salt 
springs. Sodium also occurs in nature in the form of carbonate, os thermonatrite 
(NajCOs • H 2 O), orthorhombic; natron or soda (Na2C08 • 10 HtO), monocUnic; 
trona (NaiCOs • NallCOj • 2 HiO), monoclinic; as nitrate in Chile saltpeter, or soda 
niter (NaNOa), hexagonal, rhombohedral; as cryolite (Na*AlFe), triclinic; in many 
silicates as albite (NaAlSijOg), triclinic; and os tinkal, borax (Na»B 4 C >7 • 10 HiO), 
monoclinic. The annual production of sodium chloride is more than 7,500,000 
tons and of sodium nitrate more than 3,000,000 tons. 

Oxides atui Hydroxide. — l\Tien sodium burns in oxygen, the peroxide, NajOj, 
is formed, which is changed to sodium oxide, NajO, by heating again with sodium. 
The white monoxide is very hygroscopic. Heating to above 400® changes NaiO 
l)ack to Na202 and Na. Sodium peroxide is an excellent oxidizing agent. It dis- 
solves in water to form NaOH and Oj, and in acids to form sodium salt and hydrogen 
peroxide. Some hydrogen peroxide is formed when sodium peroxide is dissolved 
in cold water, but this is not stable and decomposes completely by beating the 
alkaline solution. Hydrogen peroxide is stable in acid solutions. The hydroxide, 
like potassium hydroxide, is best formed by the electrolysis of the chloride in aqueous 
solution, ljut it can also be prepared by dissolving either oxide in water, or by treat- 
ing sodium carbonate solution with alkaline earth oxide and filtering off the in- 
soluble alkaline earth carbonate that results. 

Sodium peroxide, sodium hydroxide, sodium carbonate, and other sodium salts 
are much used ns reagents in qualitative analysis. They behave like the correspond- 
ing potiLssiuin salts. Most sodium .salts are easily dissolved by water. Sodium 
chloride is only slightly soluble in water which is saturated with HCl, and then upon 
adding alcohol the precipitation of NaCl is complete. 

Sodium antimonate, the triple acetates of sodium and uranium with zinc, mag- 
nesium, or cobalt, and the triple nitrile of sodium, cesium, and bismuth are the most 
useful precipitates for the detection of sodium. 

Reaction.^ in the Wet Way 

1. Ball’s Reagent. — A solution of bismuth and cesium nitrites in 
dilute nitric acid gives a precipitate corresponding to the formula 
6 NaN02 • 9 C.'^NOo ■ 5 Bi(N02)a. Tschopp* has used this reaction for 
the micro determination of small quantities of sodium. 


* Helv. Chitn. Acta, 8, S03 n02.i'). 
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To prepare the reagent, place 30 g of pure KXO: in a 100-ml dissolve it in 
about 60 ml of water, and add a solution of 3 g of BitNOjlj • 5 li;0 in just enough 
dilute nitric acid to prevent precipitation of basic l)isniuth salt. Add an aqueous 
solution of 1.6 g of CsNO: and dilute the mixture to 100 ml. .\fter allowing it to 
stand over night, filter. To detect small quantities of sodi»un, add to the concen- 
trated solution to be tested, 3 ml of the well-cooled reagent for each milligram of 
sodium probably present, shake the mixture, stopper the container, and allow to 
remain in an ice chest over night. 


2. Hydrochloric Acid and Alcohol precipitate s^odium chloride. If 
dry hydrogen chloride is passed into 100 ml of an alcoliolic solution of 
a sodium salt, less than 1 rng of sodium will remain in solution. 

3 Magnesium uranyl acetate, adiled to not more than 5 ml of aqueous 
solution, precipitates 5-50 mg of .‘^odium completely as greenidi yellow 
NaMg(U02)3(C2H302)9 • OniA Noyes and Bra>- add 1 ml ol 
alcohol and 5 ml of reagent to 5 ml of a(,ueous solution: O.o mg of 
sodium gives a precipitate, but 2 mg of lithium or 10 mg of NH„ K, 
Rb, or Cs do not interfere. According to Feigl, 12.5 7 of sodium can 

1)6 dstectsd 

Caley and Foulkf do not add alcohol but u-c 100 n.l of .vaaonl u Ium. 
10 mg or less of sodium Ls present. Instead of u.siug maguc-siuin aeetate 
in the reagent, zinc aoetatot or cohalt aeetate§ ha.s been suggested. 

4 The Oxalate Ion. - Sodium oxalate, Na;(';()„ i-s mueh less soluble 
in water and in dilute aleoliol titan arc tlie corre.spon,liug pola.-ssmut and 
ammonium salts. To test for .sodittut, L. W. \Vi.tlder|| reeom.uem s 
adding a saturated .sttlution of lvt'=0. at.d .soute aleoltol. 
recommends a saturated solutiou of aui.nmuum oxala o udiilo beltoorl 
shakes 0.5 g of the solid to be tested for sodium uitli ml of .0 pot 

cent potassium oxalate solution. , « . .m,. 

5. Potassium Antimonate, KH,S1.0„tt produces ,n neutral o. ueakly 
alkaline solutions of sodium salts a heavy, white erysittl me P-'P. ate, 
which is formed more quickly by ruldimg tl.e ms, do walls of the vessel 

with a glass rod: 

lOI^SbOa + Na-* * * § •• - NaH-iSb04 + K+ 


*QiuilUcUive Analysis for the Rare Elements. 

t J. Am. Chem. Soc., 6X, ICG4 (1929). 

t KolthofT, Z. anal. Chem., 70, 397 (19-/J- 

§ Caley, J. Am. Chem. Soc., 61, I90.> 09-9). 

II Pharm. Zentralhalle, 66, 0G9 (1925). 

U Z. anal. Chem., 67, 150 (1925). 

•• Pharm. Weekblad, 63, 555 (1926). 

tt This reagent was formerly called potassium 

KjHtSbjOr • H,0 is the aarae as 2 KH-^SbO*. 


pjToaiitiinonate. 


Note thnt 
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The test must not be made in acid solution for then an amorphous precipitate 
of antimonic acid will be obtained. Ammonium salts of strong acids are likely 
to give an amorphous precipitate on standing: acid is formed by the hydrolysis of 
the ammonium salt and antimonic acid is precipitated. No metals other than the 
alkalies should be present because they also give precipitates with antimonic acid, 
amorphous ones as a rule. 


6. Tartaric Acid and Chloroplatinic Acid do not precipitate sodium 
salts, the sodium salts of these acids being soluble in alcohol as well as 
in water. (Note difference from potassium.) Sodium chloroplatinate 
is orange in color. 


Sodium Peroxide, NaaOg 

This substance, which is now used commercially on account of its energetic oxi- 
dizing power, is obtained as a heavy yellow powder by burning dry sodium in the 
air. It shows the following characteristic reactions: 

Behavior loioard Water. — If a little water is added to some of this substance in a 
test tube, considerable heat is evolved and oxygen gas is liberated (sufficient to 
ignite a glowing splinter).* Water decomposes the sodium peroxide, according to the 
equation : 

Na^Oi + 2 H,0 2 NaOH + HjO, 

But on account of the heat of the reaction a part of the hydrogen peroxide is decom- 
posed into water and oxygen, 2 IIiOi — » 2 HjO + Oj t . 

If the solution is kept cold, which can be done by throwing the sodium peroxide 
in small portions into iec water it will dissolve, with scarcely any evolution of oxygen, 
to a clear, strongly alkaline liquid, which gives, as before, all the reactions of hydrogen 
peroxide. 

If some sodium peroxide is placed on a watch glass under a bell jar and near an 
evaporating-dish containing water, the sodium peroxide in twelve hours \vill com- 
pletely change over to a pure while hydrate (NajO, -8 HjO), which -ttill dissolve in 
water without decomposition at the ordinary temperature. By standing in a desio* 
cutor over sulfuric acid, the oetahydratc is changed to NuiOi • 2 H*0. 


Hydrogen Peroxide, H 2 O 2 
(<?) In Acid Solution 

If the solution obtained by the action of water on sodium peroxide 
is used for tliesc* test.^^, it iiuKst be acidified with dilute sulfuric acid, care 
being taken to keep tlic solution cool. 

1. Chromic Acid. — If the acid solution of hydrogen peroxide is 
sliaken with a little ether (free from alcohol) and a trace of potassium 
dichromate is added, after which the mixture is again shaken, the 

• This will sometimes cause an explosion. Commercial sodium peroxide often 
contains metallic sodium, which witli water forms hydrogen; thus both hydrogen 
and oxygen arc set free at the same time, and the glowing splinter may then cause 
an explosion. (Private communication from E. Constam.) 
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upper layer of ethereal solution will be colored a beautiful blue, owing 
to the formation of chromium peroxide (cf. p. 202). 

This test is very sensitive and will detect as little as O.t mg of HcO:. 
In carrying out this test, a blank test must always be tried with the 
ether alone, because, after standing in the ah', it is likely to contain 
some ethyl peroxide (02X15)403 {?), which gives the test. It is possible 
to free the ether from this peroxide by letting it stand over night in 
contact with sodium and then redistilling it. It must not be distilled 
before treating with sodium since an explosion is likely to occur. 

2. Pennanganic Acid in acid solution will be decolorized, with evolu- 
tion of oxygen : 

2 MnOr + 5 H202 -b 6 H+ 2 Mn++ + 8 H2O + 5 0: f 


Similar to the permanganate, many other oxides are reduced by hydro- 
gen peroxide, with evolution of oxygen; e.g., Ag:0, Pb304, PbO;, MnO-., 
C02O3, etc. : 

Ag:0 -b 11:0: H.O + 0: T + 2 Ag 
MnO: -b HnO: -b 2 H+ + 2 H2O -b 0: f 

C02O3 + HcO: -b 4 H+ 2 Co+-^ + 3 H2O + 0; t 

3. Potassium Ferricyanide and Ferric Chlonde. — If a trace of 
potassium fcrrieyaiiidc is added to a very dilute and mai y neutia 
solution of ferric chloride, so that the solution appears a distinct yellow, 
and a nearly neutral solution of hydrog.>n peroxuh- is then added, the 
mixture will soon a.«=su.ne a green tint, and finally, on standing, Prii.^sian 
blue will separate out. The pota-s^ium fcrncyariK C i.s reduced h, I 
hydrogen peroxide to potassium ferrocyanide, which forms Prussian 

blue with the ferric chloride: 


2[Fe(CN)6] 


J_ H 20 :— >2 [Fe(CN) 0 r" -b 0: T + 2 H+ 


and 


3 lFe(CN)6l" + 4 Fc++^ Fe,|Fe(CN),l, 


According to Schonbein, .s little a.s 0.02 mg H,0, 

detected by this reaction. Since many other substanees (SnCU, S0„ 

et.) will reduce pota.sinn, ferricyanhlo to potass.um forroeya.nde, 

‘'“4 tste ^d mSrj' lodidr- K to an aeid solution 

containteg starch paste and po.a.siu.n iodide some hydrogen perox.de 
is added, a blue color will at once appear. 

2 KI + H:02 2 KOH + I2 
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By means of this reaction, 0.05 mg per liter of hydrogen peroxide may 
be detected. 

5. Titanium Sulfate gives a distinct yellow color, caused by the for- 
mation of pertitanic acid, Ti ’ + H 2 O 3 + 2 HsO — > 4 H"*" -b H 2 Ti 04 . 

So me chemists prefer to write the formula of pertitanic acid as TiO? • HaOs, 
which assumes a true peroxide structure instead of sexivalent titanium. 

This is the most delicate test for hydrogen peroxide. The titanium 
sulfate solution for this reaction may be prepared by fusing titanium 
dioxide with 15-20 parts of potassium pyrosulfate and dissolving the 
fusion in cold, dilute sulfuric acid. It may also be prepared by heat- 
ing titanium dioxide with concentrated sulfuric acid, cooling, and di- 
luting carefully. 

The addition of alkali hj'droxide, ammonia, or ammonium carbonate to 
an acid solution of pertitanic acid gives a yellowish orange precipitate 
which redissolves in an excess of the alkaline reagent. Classen has used 
this reaction as a method for separating titanium from ferric iron.* 

(6) In Alkaline Solution 

1. Gold Chloride will be reduced to metal by hydrogen peroxide at 
ordinary temperatures with evolution of oxygen. The gold usually 
separates in a very finely divided state, and appears b^o^vn by reflected 
light and greenish blue by transmitted light: 

2 Au+++ + 3 IUO 2 + 6 Oir ^ 2 Au -b 6 H 2 O + 3 O 2 T 

If very dilute gold solutions are used, the metal sometimes separates 
out in tl\e form of a yellowish film adhering to the sides of the test tube. 

2. Salts of Manganese and Cobalt ^ve dark-colored precipitates: 

-b 2 OH" -b H 2 O 2 -> HsO -b MnO(OH )2 

Brown 

2 Co-H- + 4 OH" -b H 2 O 2 -» 2 Co(OH )3 

BUck 

Hypochlorites give the same reactions with manganese and cobalt 
salts, but they do not give tljc reaction with gold chloride. 

Ozone, O 3 

Ozone is always formed when oxygen is exposed to the silent electric discharge. 
It is often present in oxx’gen th:it has been prepared electrolytically and, according to 
Brunck, is present to some extent in the gjis prepared by ignition of potassium chlo- 
rate. Ozone is a strong oxidizing agent and behaves in many respects like hydrogen 


• Ber., 21, 370 (1888). 
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peroxide, with which it is often confused. Ozone may be distinguished from hydro- 
gen peroxide as follows: 

1. Ozone does not give a yellow coloration with titanium sulfate solution. 

2. Ozone does not cause precipitation of gold from its solutions. 

3. Ozone sets free iodine immediately from dilute, neutral potassium iodide solu- 

tion. 

4. Ozone liberates bromine from an acid solution of sodium bromide. 

5. Ozone causes bright metallic silver at once to assume a .steel-blue tint. 

The sensitiveness of this last reaction is remarkable if carried out according to the 
directions of Manchot and Kampeschulte. Heat a bright piece of silver foil to about 
240'* and then expose it to the action of ozone; steel-blue spots with violet edges at 
once appear. This reaction does not usually take place with pure silver in the cold. 
If, however, the silver is polished by rubbing with emery paper, the reaction will then 
take place in the cold. Traces of iron oxide are left upon the silver from the emery 
and catalyze the reaction. Other oxides, Ag;0, CoO, NiO, PbsO*. ^ 2O5, 

MnOj, CuO, ThOi, CeOj, TiO-, WOj. UjO„ and to a le^s degree MoO., HgO. CaO, 
and BaO, have a similar effect. Thus if the silver i.s etched with nitric acid and is 
then dried, it will react with ozone in the cold. 


Reactions in the Dry Jfay 

Sodium salt vapors color tho iion-luiniiious Haino a nioiiocliio- 
matic yellow, which can be readily di.'^tin^ui.slied from tlie }('llo\\ flame 
of the gas in the following way: If we illuminate an orange-eoloied I>od> 
(such as a stick of scaling wax or a ei-y.-^tal of po(as.dmn dieluomute) 
with white light (all glowing solid bodie.s emit while light), the red 
and orange rays will be reflected: the body appeal■.^ tHangc. If 
these bodies are illuniiiiated with the inonocliromatie .■^odinm light, 
they can now only reflect yellow light: the bodies appear yellow (a 

delicate test). 

Flame Spectrum . — A yellow double line (580.0 him and 587.0 m/i, 
coinciding with tlie D-line of the sun’s s|)eetrum. This is an extremely 
delicate reaction; 1 X 10"’ mg of sodium cun be rerognized m the 

spectrum. 

AMMONIUM, NHi 

Occurrence. - In small amours us curbuuu.c uud nitrite in the air; .u. a.nu.n- 
nium chloride in the fissures of active v<.lcunucs. Ammouimn denvaUves a.c foruu.l 
by the decay of many organic substances coutaimng nitrogen: albumin, urea, etc., 

CO(NHi)i + ^ CO2 1 + 2 Nib r 

and in a similar way by the dry distiUation of many nitrogenous substances, such as 
coal, horn, hair, etc. .... 1 t> . 

<7^1 r • I l«r frtirn C«r(*ok “ bUnci* 1 OS* 

The name ammonium is probaul> uon\ea irom uic 
Bibly the name is related to the ancient temple of Juf)ilor called Amnion. 

Although ammonium itself is known only in the fur.n of it.s amalgam, we are jusU- 
fied in considering it at thi.s place because the ac,iie..us Kniutions of ainin..imini .salts 
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react with reagents as if they contained a cation of a metal resembling potassium, 
and ammonium salts are isomorphous with potassium salts. 

Ammonia, NHs, can be condensed to a liquid at —34° and to a solid at —79°. At 
25°, NHj has a vapor pressure of 9.9 atmospheres and bums in oxygen without heat- 
ing. It combines energetically nith acids to form salts of the univalent ammo- 
nium ion. At 0°, one volume of water absorbs 1,300 volumes of NHi, and 700 
volumes at 20°. The aqueous solution acts as a precipitant like the hydroxides of 
sodium and potassium. It thrones out certain hydroxides as insoluble precipitates, 
but many hydroxides precipitated by sodium hydroxide are not formed on adding 
ammonia partly because of the slight extent to wliich hydroxide ions are present and 
partly because of the tendency of NIL to form complex ions with many cations. 
Thus the hydroxides of silver, copper, cadmium, nickel, cobalt, and zinc are dis- 
solved by ammonia water because of the formation of soluble amnioniate ions, e.g., 
Cu(NHj)fl''"'' and magnesium hydroxide is not precipitated by ammonia in the pres- 
ence of considerable NH* salt, although almost entirely precipitated by sodium hy- 
droxide, because the NH*"^ salt represses the ionization of NHiOH to an extent such 
that the solubility product of Mg(OH)j is not reached. 

Ammonia is made synthetically by the interaction of nitrogen and hydrogen in the 
presence of a catalyst (Haber process, Claude process) and by the reaction of cy- 
anamide (CaCNa from CuCj heated in Nj) with steam. Ammonia is also obtained 
as a by-i)roduct in the coking of coal. 


Reactions in tlie ff'et Way 

1. Strong bases, NaOH, KOH or Ca(OH) 2 , added to an ammonium 
salt in tl)c presence of a little water cause the evolution of ammonia 
on hcatinp:; the gas can be recognized by its odor, by fumes of am- 
monium chloride l)eing formed when a rod moistened with 12 N hydro- 
clilorie acid i.s placed in contact with the vapors, by its turning red 
litmus blue, or by the blackening of mercurous nitrate paper: 

/Hg. 

21Igo(N(L)2-i-4NH3+H20-^3NH4N03+0C ,NH2-NOs+2Hg 

Hg 

Black 


The reaction of strong bases upon ammonium salts may be explained on the basis 
of (ho laws of ohen.ical equilibrium. Ammonia, NIIj, is a gas which is very soluble 
in cold water and in.sulublr in boiling water; at 100° all the gas can be expelled, and 
there is no constant-lHjiling mixturt' as in tlve case of hydrochloric acid (pp. 69, 299). 

The solution of ammonia in water at the laboratory temperature is in a state of 
equilibrium 

NIL + 1I;0 — -I- OH- 


and, for this equilibrium, the nuiss-action expression (p. 17) is 


(xn.^i X loirj 
[NIL) 


1.8 X 10-s 


The ammonium salts, unlike the free base, are largely ionized. When, therefore, 
an excess of OH” is added to the solution of on ammonium salt, it is necessary, in 
order to establish equilibrium between XH 4 '*' and OH”, for the greater part of the 
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NH4+ to be converted into NH4OH, and then, to establish equilibrium between 
NH40H and NHj, about two-thirds of the NH^OH is changed into NHj. By boiling 
the solution, the NH4 is expelled and the above-mentioned states of equilibrium are 
disturbed and, as the final result, all the original NH4'*’ becomes converted into NHj 
gas. Less than 0.2 mg of ammonium can be detected by the litmus test when prop- 
erly carried out. Care should be taken not to boil the solution so that some of the 
alkaline liquid becomes spattered into the nostril or upon the test paper. 

Certain complex ammonia derivatives do not always evolve ammonia 

NH, 

in this test. When pure mercuric aminochloride, Hg . , is heated 

^ Cl 

with caustic soda solution, a part of the nitrogen is evolved as ammonia, 
but if considerable mercuric salt is present the test is not obtained. 
This is because the mercuric aminochloride itself is only slightly soluble 
in water and, especially in the presence of an excess of mercuric com- 
pounds, furnishes scarcely any ammonium ions. If some potassium 
sulfide is added, how’ever, the mercury is converted into more insoluble 
mercuric sulfide and the ammonia test can be obtained: 

NH 

Hs( ' + K2S + HjO HgS + KCI + KOH + NHa | 

^C1 

Water itself in some cases causes evolution of ammonia gas. It 
decomposes many nitrides, metal amides and cyanamides: 

MgjNa -f 6 HOH 3 MgCOH)2 + 2 NH3 j 
NHjNa + HOH NaOH + NH3 1 
CaCNs + 3 H 2 O = CaCOs + 2 NH 3 T (at high temperatures) 

ClJcium 

CyftOADlido 

2. Chloroplatinic Acid gives a yellow crystalline precipitate; 

HsIPtCUI + 2 NH4+ (NH4)2lPtCl6] + 2 H+ 

This salt may be distinguished from the potassium salt — 

(o) by its behavior on ignition; platinum alone is left behind: 

3 (NH4)3[PtCl6] 2 Na T + 2 NH3 1 + 18 HCl t + 3 Pt 

(6) by its behavior on treating with strong bases, whereby the smell 
of ammonia may be detected; 

(NH4)2[PtCl6] + 2 NaOH Na2[PtCl6] + 2 HiO + 2 NH3 [ 

3. Paranitrodiazobenzene solution in the presence of alkali gives a 
reddish yellow, flocculent precipitate, and the solution becomes j'cllow 
or red. The reaction depends upon the formation of an ammonium 
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salt of p-nitrophenylnitrosamine,* 

O2N N2CI + 2 NH4OH -> OaN = NONH4 + 

NH4CI + H2O 

Less than ly of NH3 can be detected by this test. 

4. Picric Acid, Sodium Timgstate, and Phosphomolybdic Acid give 
precipitates as with potassium ions. Perchloric acid and potassium 
antimonate do not give precipitates. 

5. Potassium Iodide and Sodium Hypochlorite solutions cause the 
precipitation of black nitrogen iodide : 

2 NH4+ + 2 1“ + 2 CIO" NHI2 + NH3 + 2 Cr + 2 H2O 

To make the test, which is a sensitive one, the neutral or alkaline 
solution of the ammonium salt is treated with a few drops of 10 per 
cent potassium iodide and a drop of saturated sodium hypochlorite 
solution. 

6. Sodium Cobaltinitrite gives a yellow precipitate similar to that 
produced with potassium. Before testing for potassium with this 
reagent, therefore, it is necessary to expel ammonium salts by evaporat- 
ing the solution to dryness in a porcelain dish and heating until no more 
fumes are evolved. Small quantities of ammonium salts can be re- 
moved by boiling with a little .sodium nitrite and acetic acid: 

NH4+ + NO-" ^ Ns T + 2 H2O 

7. Tartaric Acid uroduces, as with potassium, a white, crystalline 
precipitate of ainmouium acid tartrate. The addition of a little sodium 
acetate, and iubl)ing the inside walls of the glass vessel with a stirring 
rod, will hasten the formation of the precipitate: 

HoCiIiiO, + NH4+ NH4HC4H4O6 + H+ 

The ammonium acid tartrate, like the corresponding potassium 
salt, is soluble in alkalie s and mineral acids. It may be distinguished 
from the potassium salt by its behavior on ignition; carbon alone 
is left behind, and the residue does not eflfervescc with hydrochloric 
acid; furthermore, ammonium acid tartrate will give off ammonia on 
being heated with caustic soda solution. 

8. The Nessler test — The above-mentioned reactions are not suitable for the 
detection of the verj' small amounts of ammonia or of ammonium ions that are found 
in drinking water. In such cases Ncssler’s reagent is used {an alkaline solution of 


• Riegler, Chcm.-Ztg., 21, Rep. 307. 
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potassium mercuric iodide). Large amounts of ammonia produce a bro^\Ti precipi- 
tate, 

2 K:HgI-i -h 4 OH" + NH/ - NHgJ • HjO -i- 3 H-.O + 4 K+ -(- 7 I" 

The precipitate is the iodide of the so-called Milbn's bane; its structural formula is 


,Hg. 

probably O ^ ^ NHj • I. The corresponding black nitrate Ls formed in the test 

for ammonia with mercurous nitrate paper. The iodide of Millon’s base has such a 


remarkable coloring power that mere traces of the ammonium ion can be detected 
by the yellotv or brown color imparted to the .solution. The test is obtained with 
ordinary distilled water. Since ammonia is often present in water as a result of its 


contact with decaying organic matter, the le^t for ammonia helps to determine 
whether a water is suitable for drinking. The test is called the Nessler test, and the 
alkaline solution of pota.'^sium mercuric iodide is called Wndcr’s reagent. 

Water free from ainfnonia should be used in preparing the Nessler reagent. Some 
sodium carbonate and a little potassium permanganate is added to ordinary disfilleil 
water, which is then redistille<l, rejecting the first fourth and last sixth of the distillate; 
the middle portion is the so-callcd best ireiU r of the chenncal laboratorv’. For the 
most accurate work, Nessicr’s reagent should be prepared with .«uoh water (cf. p. lU), 
and the test should be made in a laboratory from wliich ammonium fumes are absent. 



Fio. Hi 


To test a water for the presence of tr.aces of uiiuiioniuin ions, tlie apparatus .'•hoivn 
in Fig. 16 may be used. First of all, the apparatus itself mast be freed from all traces 
of ammonium salt. To uccompli.sh this, place about .‘>0 ml of water in the retort, 
add 1 ml of a boiled, saturated solution of sodium carbonate, and tli.'^til with the neck 
of the retort introduced well into the condeirscr tube. It i.s advisable nut to use a 
rubber connection between the retort and the cotidenser; the condensed water serves 
to make a sufficiently tight connection. 

Continue distilling until 50 m! of the distiUatc placed in n white ghtss graduate or 
in a so-called Nes.sler tube, and treated with 1 ml of Nessler reagent, will show no 
Bign of color after standing five minuU«. The apparatus is then ready for tlie test. 
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Empty the retort and refill it with 500 ml of the water to be tested, add 1 ml of 
the saturated sodium carbonate solution, distil, and collect the first 50 ml of dis- 
tillate. If as much as 0.2 mg of ammonium is present, a distinct precipitate forms 
on adding 1 ml of Nessler’s solution and stirring; a pronounced yellow color is ob- 
tained with much smaller quantities. If mere traces of ammonium are present, the 
5 'ellow color appears only on standing. By comparing the depth of color with that 
similarly produced with known quantities of ammonium chloride, a very close ee- 
timate of the exact quantity of ammonium present can be mode. 


Reactions in the Dry Way 

All ammonium salts are relatively unstable compounds, the degree 
of stability depending, in general, upon the strength of the acid which 
is combined with the ammonium. The carbonate decomposes appre- 
ciablj'^ at ordinary temperatures and when exposed to the air gradually 
di.sappears as ammonia, carbon dioxide, and water. Heating in a closed 
tube causes the decomposition of all ammonium salts, and either 
amraoiiia or some other volatile nitrogen compound escapes. 

If the acid is volatile at the decomposition temperature, the whole 
salt is volatilized, often without first melting, and when the vapors 
of ammonia and acid arc cooled the solid again forms. This explains 
tlie fumes of ammonium salt that result when ammonium salts areex- 
l)(‘ll(‘d from a solid residue obtained by evaporation of a solution, and it 
explains the sublimate formed when ammonium chloride is heated in 
n closed tube. The acids which form salts that are not volatilized are 
boric, phosphoric, chromic, molybdic, tungstic, and vanadic acids. 

It must be ronu'ml.crcd, however, that ammonia with its negative 
valcMU'c of three coiUnins nitrogen in its lowest state of oxidation. 
"WduMi the decomposiiion of the original ammonium salt takes place, 
therefore, there is oft u an oxidation of the nitrogen. Thus the decom- 
position of tlie nitra!' results in the formation of nitrous oxide, NsO, 
and the decoinposilii n of the nitrite, sulfate, and dichromate yields 
nitrogen gas. 

The closetl-tubc rea.-tion.s of typical ammonium compounds may be 
expressed by the following equations: 

NH ,C1 NHa + HCI 
HH 1 NO 3 ^2 HjO + NaO 
NH^NO,->,2 H 2 O + N 2 
3 (NH4)2SO ,-^Na + 4 NH 3 + 6 H 2 O + 3 SO 2 
(NH 4 ) *C 204 -> 2 NH 3 + HoO + CO + CO, 



ANALYSIS OF GROUP V 


295 



Filtrate from Group IV may contaiu NH*'*’, K"*" ami Na''". Evaporate and ignite 
the residue. Dissolve in water, add BaCh {to runow SOi ) andthm (A'/Zi’-COj 
{lo remove Ba**). Evaporate and ignite again. (1) 


Vapor: NH 4 salts. 
Test ike original 
substance for NHi* 
by boiling with 


mg 

NaOH. Ci) 


Residue: KCl, XaCl. -I'M JlClOt, evaporate, cool, and add 
alcohol. ( 2 ) 


Residue: KCIO,. 
Dissolve in hot water, 
add NoiCoi^lhU to 
precipitate ipHoiv 

K,NuCo(NOj)4. (2) 


Solution: NaCiO«. 

Eaturate with IICl gas. (3) 


Precipitate: NaCI. 
Dissolve in water and 
add KlIzEOOi to pre- 
cipitate white crys- 
talline NtiH Shb,. 


Filtrate 

liejccl. 


I’ROcKDrui: 


1. Removal of Ammonium Sails. Kvaptuate tlic solution to dryne-ss 
in a small casserole and ifinile tlie re.sidue, at first moderately and tlien 
at a temperature below ^edne^s, until no more wliite funu'S are evolved. 
Keep the dish in motion over a small (lame and licat the sides as well as 
the bottom. Cool; add 5 ml of water ami 2- 10 ml of BaCl,. solution to 
remove sulfate. Even when no sullate is pn'scait in the orijiinal sni)- 
stance, and when no sulfuric aeid has been u.-^ed in the analysis, a little 
sulfate may be formc'd from di’eompo.-ition of the ammonium sulfide 
reagent used in precipitating tlie liiird group. Sulfate mu.st be absent 
as othenvLse Na-SOi will precipitate on adding alcohol in the potassium 
test. Heat to boiling for two or three rniimte.s and filter off the BaSt),. 
To the filtrate add 5 ml of (NIIO/Tb n-agent, let the mi.xlure .stand 
five minutes, heat nearly to boiling, and fill<'r off the BaCOa. Evaporate 
the solution to dryne.ss just as described above. Cool the di.sh, add o ml 
of water, and filter through a small filter. Evaporate tlie filtrate te 
dryness once more and ignite again. A wliite residue, which may l-c 
difficult to see in the porcelain dish, indicates the presence of KCl ur 

NaCl. 

2. Separation of Sodium and Potas.sdum. To the ignited resi.lue, add 
2-5 ml of 6-normal perchloric acid and evaporate, by keeping tlu' dish 
in motion over a free flame, until thick fumes of perchloric acid are 
evolved. Cool, and when at room temi>craturc add 10-20 ml of 1)5 ixt 
cent ethyl alcohol. Stir for several minutes, filter, ami wash tlie pre- 
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cipitate with alcohol. Save the filtrate for the sodium test. Dissolve 
the pota.ssium perchlorate precipitate in a few cubic centimeters of hot 
water, cool, and add 5 ml of sodium cobaltinitrite reagent. A yellow 
precipitate shows the presence of potassium. 

3. Pour the alcoholic filtrate from the potassium perchlorate precipi- 
tate into a small flask and saturate it with dry HCl gas. Filter off the 
precipitated sodium chloride, wash it with a little alcohol, and reject 
the filtrate. (,A dangerous explosion will result if this filtrate is heated 
or evaporated.) Dissolve the sodium chloride in 10 ml of water and 
evaporate tluj solution just to dryness. Add 1 ml of water and a few 
drops of potassium hydroxide solution to make the solution alkaline. * 
Add 2 ml of potassium antimonate solution and allow the mixture 
to stand for .some time. A white crystalline precipitate shows the 
presence of sodium. If a flocculent jirceiintate is formed, the heavier 
sodium precipitate can usually be discovered if tlie ini.xture is .sliaken 
and after a few .seconds tlecanted off from the heavier sodium antimonate 
whicli usually adheres to the glass. 

4. Ted for Ammonium. Place a little of the original substance 
(corresponding to about 0.25 g of solid) in a test tube, add about 2 ml 
oi P A sodium hydroxide, heat lU'arly to boiling, and hold a piece of red 
litmus pai)er, wrappc'd around the end of a stirring rod, in the escaping 
\a)>or.s. Take care not to allow any of the cau-stic alkali to come in 
contact with the litmus eitlier by spattering or by allowing the paper 
to toucli the sides tif tiie t<'st tube, rforao idea of the quantitj' of am- 
monium pre.seut can be obtained from the odor. If it is desired to test 

loi traces of ammonium, carry out the Xessler test as described on 
page 2<I3. 

Quiz Questions 

1 {■-) D-yliiin t!,P prineipl.- ..f the .-opi.. of X« fn.m K by the HCIO« method. 

Niiiiif reiiii; .Uy iiiviil. K -.ills and write formula.-' 

vtrv/i I *'*^* ‘ '‘ ‘ '''dirmais.r^ i. -.t fur Na. write iho lormula of the fiiinl .Hubalance prepared and 

Mate itH init>urt,'i:i> , i • i.mI pr- p.-rtiej,. 

1’. , II.AV w ,rl,l V,.., NU. in an unknown? Whore would vou test for it? 

It) I xplo,..,„oovl. rt- .1 f .rN'ile. How-lmulditbciimde? 

: ^ nClo.a.Ki ale. were heated over a free name? 

•J. U !iy IS .M», r.-iu,vvd and wliv is it ntumlly preseiif* 

5. If chill. ...,.rCo>Jn i- 0.3 .V i„ Xa,Co(.\0,»,. 0.3 .V in Na.\0,. and 1 .Yin H.\cO. how 

many k of each sul.-tnneo emuained in I ml of the reasent? 

0. Ciive a tabular ouCm- of the m. tliod f-r analyruiK the alkali group, 
llosv W H.flri. nuuJo? 

8 . f T the oxid.ui n, of .ale, to uaier and CO- by tlie action of HCIO4. itaolf 

redured to llC I C'd.v Uic vol. of HCl and of COj fi.rmwl if mexsured dry at 80® and 780 mm pressure. 

0. hat ut. of K:NuC can be iormed from O.Jj j? of KCl? 

PPt of K.XaColXon, is treau-d with K.MnO, in the presence of acid, the products formed 
oreK*. Na\Mn-\Co-n.Nu, and 11 , 0 . Wr.te an equation for the reaction. 



PART m. REACTIONS OF THE ACID 
CONSTITUENTS OR ANIONS 

DIVISION OF THE ACIDS INTO GROUPS 

The classification of the acids which Ls given here was first pub- 
lished by R. Bunsen in 1878 (in manuscript form) for the use of his 
students; it was adopted (with his consent) by V, Meyer and F. P. 
Treadwell in their “ Tabellcn zur qualitativcn Analyse.’' It is based 
upon the different solubilities of the barium and silver salts. 


Croup / 

Adds whose silver salts are insoluble in water and in nitric acid, but 

whose barium salts are soluble in wafer. 

To this group belong hydrochloric, iiydrobromic, hydriodic, hydro- 
cyanic, ferrocyanic, ferricyanic, cobalticyanic, tliiooyanie, and hypo- 
chlorous acids. 

Croup II 

Adds whose diver salts are soluble in nitric acid, but are insoluble, 
or diJficuUly soluble, in water, and whose barium salts are soluble in wafer. 

To this group belong hydrosulfuric (hydrogen sulfide), hydro.seicnic, 
hydrotelluric, nitrous, acetic, cyanic, hypnphosphorous, and hydrazoic 

acids. 

Croup III 

Adds whose diver salts are white and soluble in nitric add, hut whose 
barium saUs are difficultly soluble or insoluble in water, but soluble in 

nitric acid. „ , , 

To this group belong sulfurous, selenous, tellurous, phosphorous, 

carbonic, oxalic, iodic, boric, molybdic, selenic and tollunc, tartanc, 

citric, and meta^ and p 3 Tophosphoric acids. 


Group ly 

Adds whose diver saUs are colored and soluble in mine aetd bid 
whose barium salts are insoluble in water ami soluble tn mtnc (^. 

To this group belong phosphoric, arsenic, arsenious, vanadic, thio- 

eulfuric, chromic, and periodic acids. 
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Group V 

Acids whose silver and barium sails are soluble in water. 

To this group belong nitric, chloric, perchloric, persulfuric, and the 
manganic acids. 

Group VI 

Acids whose silver salts are soluble in water, but whose barium salts 
are insoluble in nitric acid. 

To this group belong sulfuric, hydrofluoric, and fluosilicic acids. 

Group VII 

Non-volatile acids, which form soluble salts only with the alkalies. 

To this group belong silicic, tungstic, titanic, columbic, and tantahc 
acids. 



GROUP I 


Silver Nitrate produces a precipitate insoluble in nitric acid. 

Barium Chloride causes no precipitation. 

Hydrochloric Acid, HCl 

Occurrence . — Hydrochloric acid is found free in nature, but in 
small quantities (for example, in the exhalations of active volcanoo), 
its salts, however, are exceedin};ly common, especially those with the 
alkalies. (See these.) 

The term hydrochloric acid, as ordii.aiily .i.-^‘d it. atmlyliral chemistry, refers to 
an approximately 12 N aqueous solution of density 1.2 coi.tummp !il.out .101 per 
cent of hydrogen chloride by weight. In tlie .»ld, dualisti.- luunenchiturc un acid was 
supposed to be the oxide of a negative element and water, an<l oxygen was regarded 
as an essential constituent of ull acids. I'or this rea.‘on, ii\<hogen chloric i itsc I u.ls 

not regarded as an acid. Todaytheprcsenccofiephiecablehydrogeii.orthefonnation 

of hydrogen ions in aqueous solution, is licIH to tlic os-cntial < luir.u Uii>tio o an 
acid, and some chemists still hold that liydmjron chloride is not un acid until i is 
dissolved in water and forras hydrogen i..ns. M..st .•hemi>ts. Imwcver. regard l>y<l.o- 
gon chloride, HCl, as hydrochloric aei.l- Tlic aidiydr<.u.s ueid is a ga> at ordm.ir> 
temperatures. When solidified it melt.s at -111 and Ix.ils at -K.. , the cntual 
temperature is 51. and the critical pressure. s:{ atmo.sph..res. It .s a c..lorle.s.s g.us 

with a penetrating. suITocating, and irritating odor. .Wid ofdei.Mty l.KWoniaimng 

20.4 per cent of HCl has a constant Ixiiling point at ll()^ l-rom this constant ix.i i ig 
point, one might conclude that it was a pure compoun<l. but it is merely a -solu mn 
of the gas in water and corre.spond.s ai.|)roxim;.tely to u (.-norma solution. .Uu 
of density greater than 1.10 gives off liydrog.-n chloride gas fast, .r tlian wa er . it 
the density is less than 1,10 water evaporates faster tl.an t n* liydu.gen chloride in 
both cases the mixture tends to approach the eonstant-hoiling arid l.> e^ap,.r.lt,on 

- Hydrod,l„rio »..id i. usually ,ua,le by the a,-ti.,n uf plfurir aei.l 

upon ilmon salt. When sulfuiic aei.l is net s.alunu ‘'I; ' ' 

siderable evolution of hydrochloric acid lakc.s place oven m the eold, «ith fouiia- 

tion of sodium bisulfatc: 

NaCl + IbSO* — Nall.SO, -f- HCl T 

On heating, the sodium bisulfatc reacts with more sodium chloride: 

NaHSO* + NaCI — Na^SO* HCl f 

When only one hydrogen of a dil.a.sie aeid is replaced by metal the s.dt is 

nsuaUy designated by placing the prelis W l»fore the name the am., . " ' j 

carbonate, LnCO.; aodin,,. bisnifate, NallSO., etc. rhere rs b.r.r as 

per equivalent of base us in I lie normul suU. 

29U 
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Hydrochloric acid gas may be prepared conveniently in the laboratory by dropping 
concentrated sulfuric acid into 12-Dormal hydrochloric acid. It is also formed by the 
action of water on many acid chlorides: 

PCU + 3 H,0 H,PO, + 3 HCl 

Properties. — Hydrochloric acid is readily soluble in Avater (one volume of water 
dissolves, at 18“ C, 451 volumes of hydrochloric acid). The speci&c gravity of the 
saturated, aqueous solution is 1.21, and 100 ml of this solution contains 50.7g of 
anhydrous hydrogen chloride. The concentrated hydrochloric acid of the laboratory 
is about 12-normal, and contains 36 to 39 per cent of the gas by weight. The 
aqueous solution of hydrochloric acid is one of our strongest acids. In dilute solu- 
tion it is almost entirely ionized, 

HCl H-*- + a- 

and such a solution is a good conductor of electricity. 

The behavior of hydrochloric acid on oxidation is characteristic; water is formed and 
chlorine is set free: 

4 HCl -f O, ;=s 2 HsO + 2 Cl, t 

This oxidation will not take place on exposure to atmospheric, or even pure, oxygen, 
but only by treatment with strong oxidizing agents such as: The peroxides of the 
heavy metals, all nitrates, nitrites, chlorates, hypochlorites, chromates, sdenates, and 
tcllurates. 

The peroxides of the light metals do not yield chlorine, but hydrogen peroxide: 

BaO: -I- 2 HCl -» BaCl, + H,0, 

1. Oxidation of Hydrochloric Acid by Means of Peroxides 

(o) By manganese dioxide: 

4 HCl -1- MnO, — 2 H,0 + MnCl, + Cl, t 

The inungnnese is reduced from the quadrivalent to the bivalent condition and 
the tu'gutively charged chlorine atom becomes neutral chlorine gas. Thus one atom 
of niangiinese oxidizes two atoms of chlorine. 

S(tnio oilier acid, preferably sulfuric, can be used to combine with the manganese 
and thcri the yield of chlorine from a given quantity of hydrochloric acid will be 
twice us lui'ge: 

MaO, + 2 IlCi + HiSOi MnSO* + 2 H,0 -|- Cl, T 

(6) By lead peroxide: 

4 II Cl + PbO, 2 H,0 -H PbCl, -I- Cl, T 

(c) By chromium trioxidc {chromic acid anhydride): 

2 CrO. + 12 HCl — G H,0 + 2 CrCI, + 3 Q, 

2. Oxidation of Hydrochloric Acid by Nitric Acid, etc. 

When concentrated nitric acid acts upon concentrated hydrochloric acid, the prod- 
ucts of the reaction arc water, nitrosyl cliloride, and free chlorine: 

HNO, + 3 HCl 2 H;0 -b NOCl T + CU T 

In this reaction the valence of the nitrogen has been reduced from five to three, and 
two atoms of chlorine have been o.xidized to form an electrically neutral chlorine 
molecule. 
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A mixture of one molecule of nitric acid with three of hydrochloric acid is known as 
aqua regia. The acids are usually mixed, not according to their weights, but 
according to their volumes. 

Aqua regia, therefore, behaves very much like chlorine water but is more efficient 
because more chlorine can be formed in a small volunie of solution and NOCl is also 
a good oxidizing agent. Nitrous, chloric, hypochlorous, selenic, and telluric acids all 
react similarly with hydrochloric acid. 

Hydrochloric acid is manobasic; its salts are called chlorides. 


Solubility of Chlorides 


Nearly all chlorides are soluble in water, but the following are difficultly soluble: 
mercurous chloride, Hg.CU; silver chloride, AgCl; cuprous chloride, Cu.d:; lead 
chloride, PbCL; thallous chloride, TlCl; aurous chloride, AuCl; platinous chloride, 
PtCL; bismuth oxychloride, BiOCl; antimony oxychloride. SbOCl; mercuric 

oxychloride, IlgjCljO. 

All these chlorides which are insoluble in water are more soluble in strong hydro- 
chloric acid. Aurous chloride and platin.)us cldoride dissolve readily In aqua regia, 
as a result of being oxidized, but silver chloride is not very soluble even m aqua regia. 

Lead chloride is soluble in hot water. . , 

By boiling the insoluble chlorides with a concentrated solution of sodium carbonate, 

all, with the exception of silver chloride, are readily decomposed, e.g.: 

Hg.CIi + NasCOj — 2 NaCl + CO; 1 + Hg;0 

By filtration, a chloride solution is obtainc<i whid, is free from hcay metal. 

By fusing with sodium carlxmatc. even silver chloride is decomposed, 

4 AgCl + 2 Na,CO, - 4 NaCl -|- 2 CO, t + 0: f + 4 Ag 


and silver chloride may al-oo be decomposed by treatment with metals and dilute acid 

^^The ddiquescent chlorides {lithium, calcium, and strontium) are all soluble m 

ab-solute alcohol and in amyl alcohol. , . j u j li • 

The cblcrides of sodiumand barium ara quite insoluble m coucenlraled hydrochloric 

acid; they can, therefore, be easily uepuralerl from other chlorides ivh.eh are soluble 

in water by saturating the solution with hydrochloric acid gas. 

Almost all chlorides are insoluble in ether, will, the oscepl.on of mercuric, stannous, 

Stannic, auric, and ferric chlorides. 


Reactions »n the Wet Way 

A neutral solution of an alkali chloride shonld be used for ^ 

chloridea except those of mercury and cadmium are quite completely 
aqueous soluliL, so that it is a matter of mdifference which chloride is lak^ for h 
following reactions, provided no independent reaction takes place because of the 

presence of the cation. 

1. DUute Sulfuric Acid (1 : 10) produces no reaction, even on 

2. Concentrated Sulfuric Acid deeomi)o.se.s a solid chloride almost 
completely in the cold, completely on warming. Sulfate and eo.or- 
Ic-ss hydrochloric acid gaa result from thi.s reaction; the latter isiasi y 
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recognized by its odor, by the clouds which it forms in moist air or with 
ammonia vapors (obtained by holding a glass rod wet with ammonia 
near the test tube), and by its turning moist, blue litmus paper red. 
Water is not made turbid by hydrochloric acid (difference from fluosilicio 
acid). 

Silver chloride and mercurous chloride are decomposed with difficulty by sul- 
furic acid, the latter with evolution of sulfur dioxide; the mercurous sulfate (which 
is at first formed) is oxidized (at the expense of the oxygen of the sulfuric acid) to 
mercuric sulfate: 

Hg,a, + HjS 04 -» HgjSO* + 2 Ha 
Hg,S 04 -i- 2 HiSO* 2 HgSO* + 2 H^O + SOa t 

If a chloride and an oxidizing agent are heated with concentrated sulfuric add, 
free chlorine is evolved (cf. p. 300). 

3. Phosphoric Acid, heated with a chloride, similarly causes the 
evolution of hydrochloric acid gas. If an oxidizing agent is present 
at the same time, chloiine gas is evolved. 

4. Silver Nitrate produces a white, curdy precipitate of silver 
chloride, 

Cr + Ag+ AgCl 

in.solublc in nitric acid, soluble in ammonia, potassium cyanide, and 
sodium thiosulfate solutions. (See Silver.) 

From a solution of silver chloride in ammonia, acids reprecipitate silver chloride. 
From a solution in potassium cyanide, acids precipitate silver cyanide. If it is 
desired to test a solution of ferrous sulfate for the presence of a small amount of 
chloritle, it miLst be strongly acidified with nitric acid, as otherwise a precipitate of 
motti!!i<; silver will be obtained, wiiich may cau.se confusion (cf. p. 102). The best 
way to (cst the solution of ferrous sulfate for hydrochloric acid is to add sodium 
cni'bonato si ! lion until alkaline, boil, and filter. In the filtrate the acids originally 
present are in the form of their sodium salts, in the presence of an excess of 

sodium erirb e; the solution .should be made acid with nitric acid before the 
silver nil rate Ided. 

T he detecti- f chlorine when present in the form of chloride of a heavy metal 
is arcomplishcu ui a .similar manner; and, with the exception of silver chloride, any 
insoluble chloride nay be decomposed in the same way, by boiling with sodium 
carbonate solution. 

In order to detect the pi-esence of chlorine in silver chloride, treat it with dilute 
sulfuric acid and zinc (p. 104), after a short time pour off the solution from the 
deposited silver and test it with silver nitrate. Or, fuse the silver chloride with 
sodium carl>onatc, extract the melt with water, filter, acidify with nitric acid, and 
test with silver nitrate. 

5. Mercurous Nitrate aud Lead Acetate give precipitates of mer- 
curous chloride and lead chloride. From auric chloride solution, lead 
acetate precipitates a double chloride of lead and gold. 
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6. Potassium Dichromate and Sulfuric Acid. — If a dry chloride 
is mixed with potassium dichromate and covered with concentrated sul- 
furic acid, and the mixture is heated in a small retort, brownish vapors 
are given off which condense, in the receiver, to a brown liquid (chromyl 
chloride, CrOsCb): 

KaCraO; + 4 NaCl + 6 HoSO^ -> 3 HaO + 4 NaHSO^ 

+ 2 KHS 04 + 2 Cr02Cl2 

Chromyl chloride is an acid chloride, and is, therefore, decomposed 
by water into chromic and hydrochloric acids; 

CrO^Cb + 2 H 2 O HoCr04 + 2 HCI 

On adding alkali hydroxide to the distillate, an alkali chloride and a 
yellow alkali chromate are obtained. If the solution is then acidified, 
some ether and a little hydrogen peroxide added, and tlie liquid shaken, 
the upper ether layer will be colored blue, showing the presence of 
chromium; and the presence of cltroniiuni indicates tliat a chloride 
was originally present (difference froni bromide and iodide). 

The test can be made to detect as little as 1.5 7 of elilorinc by taking tlie solid 
substance, or the residue obtained by evaporating a solution to dryness, atal adtling 
a little powdered potassium dichromate niHl a very little concetitrate<l sulfuric acid. 
Then on distiUing in a verv small upparatms and p:L«siiig tfie vapors into a 1 per cent 
solution of diphenylcarbazide (cf. p. 121) the chromyl clilondc will cause the color 
of the diphenylcarbazidc to become violet. 

7. Potassium Permanganate oxidizes a chloride in acid solution. 
On the other hand, liydrobromie and hydiiodic acids are oxidized 
much more readily than hydrochloric acid. 


Behavior of Chlorides on Ignition 

The chlorides of the alkalie.s and alkaline earth.s melt (without 
perceptible decomposition) on being heated in the air. The eliloride.s 
of the sesquioxidcs are decomposed, more or less completely, on being 
ignited in the air. Thus, ferric eliluride is almost quantitatively de- 
composed into ferric oxide, with loss of chlorine. 

4 FeCb + 3 0-2 -> 2 Fe-A + 0 Cb t 

In the presence of hydrochloric acid, or ammonium cliloridc. feme chloride may 
be volatilized completely without any decomposition. 

The chlorides of gold and of the platinum metals are readily de- 
composed into chlorine and metal: 

2 AuCb -♦ 2 Au d- 3 CI 2 T 
PtCb Pt + 2 Cb T 
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The remaining chlorides are mostly volatile, without perceptible 
decomposition except in the case of ammonium chloride (cf. p. 294). 

DETECTION OF CHLORINE IN NON-ELECTROLYTES 

Besides uniting with metals and with hydrogen, chlorine also forms compounds 
with the metaUoids; e.g., PCh, PCU, AsCb, AsCU, SbCh, SbClj, CC1<, SiCh, etc. 

All these compounds, which may be regarded as acid chlorides, are decomposed by 
water with the formation of hydrochloric acid, which can be tested for in the usual 
tt’ay. The hydrolysis usually takes place at the ordinary temperatures. Thus, 
phosphorus tricliloride yields with w’ater phosphorous acid and hydrochloric acid, 

PCh + 3 HOH HjPO, + 3 HCl 

and phosphorus pentachloride yields phosphoric acid and hydrochloric acid: 

PCU + 4 HOH HaPO* + 5 HCl 

The remaining acid chlorides are decomposed in a similar way by water at the ordinary 
temperature, with the exception of carbon tetrachloride, which is decomposed by 
water only by heating in a closed tube: 

ecu + 2 HiO COi + 4 HCl 

Chlorine acts upon a great many hydrocarbons, forming substitution products 
which are aon-cicetrolytes, and consequently will not give the chloride teats; for 
example, if chloroform, CHCU, is shaken with a solution of aqueous silver nitrate, 
it will not yield a precipitate of silver chloride. In order to test such compounds 
for chlorine (tus is frequently necessary in the study of organic compounds), the 
chlorine iiurst he changed to hydrochloric acid by one of the following methods: 

1. Carius’ Method. — By heating the compound in a sealed gloss tube with 
concotjtratctl nitric acid, in the presence of silver nitrate, the compound is com- 
pletely decomposed; all the cidorine is changed to silver chloride, which can be 
filtciecl off, and, after treatmer^t with zinc and dilute sulfuric acid, can be tested as 
above. Tlio precautions to be taken in sealing and opening the tube are described 
in \’ol. 11. 

2. By Heating with Lime. — Place a layer of granular lime (free from chloride) 
then a inivture of the sulK^tunce to l>c tested and lime, and finally another layer of 
lime in a .small ghiss tube, whioh .should be about 25 cm long and* about 1 cm wide. 
By gently tapijing the tube, o; en up a canal between the upper wall of the tube and 
the substance, tbrough which i.hc gases evolved may escape. Place the tube hori- 
zontally in a small rombustion furnace and heat (first the front layer of lime, then 
the back layer, and finally the entire contents of the tube) to a dull red heat. By 
this moans the organic substance will be completely decomposed, and the chlorine 
will be found combined with the lime in the form of calcium chloride. Cool, dis- 
solve the contents of the tube in dilute nitric acid, filter off the carbon, and test the 
filtrate with silver nitrate for chloride ions. 

3. Treatment with Sodium. — Place a small amount of the dry substance to be 
tested in a small test tube, add a small piece of sodium (freed from petroleum), and 
cover the metal with another layer of the substance. Heat the tube in the gas 
flame; the decomposition takes place suddenly with incandescence. Place the hot 
tube and its contents in a small beaker containing water (which breaks the tube); 
sodium chloride dissolves with other sodium compounds. Filter the solution, make 
acid with nitric acid, and test with silver nitrate for halogens. 



Free Chlorine 


Chlorine, whether produced by the oxidation of hydrochloric acid or by igniting 
certain chlorides, is a greenish yellow gas with a sufTocating odor. It is absorbed by 
water (1 volume of water absorbs at 10° C about 2.7 volumes of chlorine gas i. forming 
chlorine water, a yellowish green liquid, and a poor conductor of electricity (although 
better than pure water, showing that some ions are present). Chlorine decomposes 
water to a slight extent, forming hydrocliloric acid and hypocblorous acid: 

H,0 + Cl.;=:2 II* + Cr + CIO' 

In this reaction one atom of clilorine is oxidized to a positive valence of one and 
another atom of chlorine is reduced to a negative valence of one (cf. p. 228). This 
reaction, as the application of the inass-iiction law indicates, is favored by the 
presence of hydroxide ions and hindered by the presence of hydrogen ions. If, 
besides water, which is only slightly ionized, dilute alkali is present, the reaction 
takes place quantitatively from left to right: 

cu + 2 0H--cr +010' +n,o 

The decompo-sition of chlorine water takes place slowly in the dark, but more 
rapidly in the light, and in the pre.<enco of oxidizable substances. The bleaching 
action of chlorine water depend.s upon its oxidizing power, 

Chlorine water ie a strong oxiduing agent. 

If a solution of potassium iodide is trca1e<l with chlorine water, iodine is set free, 
and the solution turns yellow to brown: 

2 KI + CIi — 2 KCI + Ii 

If the yellow solution i.s .shaken with carbon disulfUie, or chloroform, a more highly 
colored, violet, non-uqueou.s solution of iodine is obtained (cf. p. 14). By the udtii* 
tion of more chlorine water the solution becomes colorless, owing to the oxidation of 
the iodine to colorless iodic acid : 

I, + 6 H,0 + 5 CU - 10 IICI + 2 IllOa 

The free iodine can also be detected by the addition of some starch paste (in.stcad 

of carbon disulfide, etc.), which is turned blue by iodine. 

1. SUver Nitrate gives a white precipitate of silver chloride when added to 
chlorine water; this precipitation, however, is not quantitative, for one-sixth of the 
chlorine is changed into soluble silver chlorate: 

3 CU 4- 5 Ag* -1- 3 HjO — 5 AgCI + ClOj' -|- 6 H* 

On adding a slight excess of sulfurous acid to chlorine water, the chlorine is readily 
and completely changed into hydrochloric acid: 

CU + luo + iiiSO, -» luso* -f 2 nci 

From this solution the chlorine can be precipitated quantitatively by silver 
ions. 


305 



306 


REACTIONS OF THE ACID CONSTITUENTS 


Chlorme may also be easily changed into the form of a chloride by the action of 
ammonia (cf. p. 222): 

3 Cli + 8 NH, 6 NH^a + NtT 

Chlorine can be changed to a chloride by the action of hydrogen peroxide in the 
presence of sodium or potassium hydroxide: 

CU + 2 OH" + H,0, 2 H,0 + 2 Cl" + O, T 

2. Metallic Mercury is attacked by chlorine at ordinary temperatures, forming 
insoluble mercurous chloride: 

Hgi + CI 2 — » 

If therefore chlorine water is shaken with metallic mercury until it no longer 
smells of chlorine, a neutral solution is obtained which contains no free chlorine. 
If hydrochloric acid was originally present, the solution now reacts acid and gives a 
precipitate with silver nitrate, for metallic mercury is not attacked by hydrochloric 
acid. This reaction is used as a test for hydrochloric acid in the presence of chlorine. 

3. Metallic Zinc also reacts with chlorine water, 

Zn + Qi -» Zn++ + 2 Cl" 

4. Indigo Solution is decolorized by chlorine water. If a dilute solution of indigo 
is used, the discharge of the color is a sensitive test for chlorine. 

5. lodo-starch Paper (paper which has been dipped in starch paste containing 
potassium iodide) is turned blue by chlorine. The test is also delicate when starch 
paste containing zinc iodide in solution is used. 



Hypochlorous Acid, HOCl 

Hypochlorous acid in the free state is unknown. Its anhj’dride, CljO, is a deep 
yellow gas at ordinary temperatures and has an unpleasant, irritating odor. It ex- 
plodes into chlorine and oxygen on being heated. Dilute aqueous solutions of hjijo- 
chlorous acid can be distilled. The acid is very weak and has the ionization constant 
of 3.7 X 10-^ at 17°. 

Preparation. — A solution of free hypoclilorous acid is obtained by shaking cliloriue 
water with yellow mercuric oxide until the solution no longer smells of chlorine: 

2 HgO + 2 Ch + HiO (HgCl):0 + 2 HOCl 

Brown, insoluble mercuric basic chloride is formed by the reaction, and the solution 
contains hypochlorous acid. If the solution is poured off from the insoluble basic 
mercuric salt and distilled, a pure solution of hypochlorous acid will be obtained, 
which, however, cannot be kept long in the light, for it decomposes into hydrochloric 
acid and oxygen : 

2HOC1^2 1ICl+Oat 

Properties. — Hypochlorous acid is a tngorous bleaching agent; litmus and indigo 
are quickly decolorized. 

The alkali salts of hypochlorous acid (hypochlorite.s) are obtained by neutralizing 
the acid with dilute sodium or pota.v«ium hydroxide, or, more conveniently, by the 
action of chlorine on u dilute caustic alkali solution: 

ch + 2 oir - cr + CIO' + HiO 

The ammonium salt cannot l^e prepared except at verj’ low temperatures, because 
the nitrogen of ammonia is so reodily oxidized (cf. p. 222). 

All hypochlorites are readily changed, on warming, into chlorate* and chloride 
(cf. p. 228): 

3 KCIO — 2 KCi + KCIO, 

Consequently hypochlorites must always lx? prepared in cold, dilute solution. 


The most important commercial hypoclilorite i.s llie so-called “chloride 
of lime,” which is obtained by pa.ssing chlorine gas over lime at the 
ordinary temperature. The product formed can bo regarded as a 
mixture of calcium chloride, calcium hypochlorite, and calcium oxide 
with a little water. A dilute solution of sodium hypoclilorite is sold 
under the names “ chlorox,” “oxol,” “ zonite,” etc. .lavclle water is a 
dilute aqueous solution of KCIO and KCI. and Dakin’s Carrel solution 
is a 0.45 per cent aqueous solution of NaClO. 


• In the presence of 40 per cent or more of caiwtip potash, pota.ssiuin hypochlorite 
on being heated decomposes into chloride with ovolution of oxygen and the fonimlion 
of no chlorate (F. Wintcler, Z. angew. Clum., 33, p. 778 (11)02).) 
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Reactions in the Wet Way 

All hypochlorites are soluble in water, and are decomposed by 
acids (even carbonic acid). 

1. Hydrochloric Acid is oxidized by hypochlorites with evolution of 
chlorine : 

CIO’ + Cr + 2 H+ H 2 O -h CI 2 T 

The reaction is favored by the presence of hydrogen ions. The 
reverse reaction is favored by the presence of hydroxide ions (cf. p. 
305). 

2. Sulfuric Acid decomposes h3T30chlorites, setting free hj^x)- 
chlorous acid: 

NaOCI + H 2 SO 4 NaHS 04 + HOCl 

and carbonic acid acts similarly though less energetically; 

2 NaOCl + H 2 CO 3 NasCOa + 2 HOCl 

It is due to the fact that hypochlorites are so readily decomposed with the formation 
of chlorine that they act as strong bleaching agents; indigo solution (a solution of 
indigo in sulfuric acid) is immediately decolorized. 

Hypochlorites act as oxidizing agents not only in acid solutions, but also in alkaline 
solutions at ordinary temperatures (difference from chlorates), many metallic hy- 
droxides being oxidized by them to higher hydroxides. Thus, ferrous hydro.xide is 
readily oxidized to reddish brown ferric hydroxide: 

2 Fe(OH )2 + CIO' + HsO Cl" + 2 Fe(OH)i 

and similarly lead, manganous, nickclous, and cobaltous hydroxides are oxidized to 
brownish black hydroxides. 

Less than 1 mg of hypochlorite can be detected by boiling with lead acetate solution; 

Pb^ + CIO' + HjO -* PbO, -}- 2 H+ 4- Cl' 

If a peroxide is likely to be present, the solution must first be acidified with acetic 
acid before applying the test (cf. p. 288). 

3. Silver Nitrate causes in solutions of hypochlorites an incom- 
plete precipitation of silver chloride. One-third of the chlorine re- 
mains in solution in the form of chlorate: 

3 CIO’ + 2 Ag+ CIOs’ + 2 AgCl 

Hypochlorous acid is distinguished from chlorine by its behavior 
toward mercury; from hydrochloric acid by its oxidizing action; and 
from chloric acid by its being partly precipitated by silver nitrate, 
and by its oxidizing action in alkaline solutions. 

4. lodo-Starch Paper is turned blue by hypochlorites in weakly 
alkaline solutions, owing to the separation of iodine: 

2 KI + NaOCl + H 2 O 2 KOH + NaCl + I 2 
2 I' + CIO’ -h H 2 O ^Cr + 2 OH" -1- I, 
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The extent to which the reaction takes place depends upon the 
concentration of the hydroxide ion; only in dilute alkali mil enough 
iodine be formed to produce the blue coloration with the starch. 

5. Manganous'Chloride in concentrated hydrochloric acid is darkened 
by hypochlorous acid. This test merely shows that an oxidizer is 
present. 

6. Metallic Mercury. — If a solution containing free hypochlorous 
acid is shaken mth metallic mercury, brown basic mercuric chloride 
is formed, insoluble in water, but soluble in hydrochloric acid: 

2 Hg + 2 HOCl {HgCl);0 + H 2 O 

Under these same conditions free chlorine forms, on being shaken 
with mercury, white mercurous chloride, which is iasoluble in hydro- 
chloric acid. 

This property is utilized in detecting b\T>ochIorous acid in the presence of free 
chlorine. The mixture is shaken with mercury untU a little of the solution no longer 
turns iodo-starch paper blue; the liquid is then carefully poured off, hydrochloric 
acid is added to the residue, and the mixture is shaken, when the ha.'^ic chloride pro- 
duced by hypochlorous acid goes into solution: 

(HgCI):0 -I- 2 IICl — H 2 O + 2 HgClj 

while mercurous chloride remains undLssoIvcd. 

If hydrogen sulfide is pa.s.«ed into the filtered solution, the formation of mercuric 
sulfide shows that hypochlorous acid was originally present. 

The sails of hypochlorous acid behave differently toward mercury: they form 

insoluble mercuric oxide and a soluble chloride: 

Hg + XaOCl HgO -I- NaCl 

7. Permanganate solution is not decolorized by hypochlorous acid. 
Litmus and indigo are decomposed slowly in alkaline solution anti 
more rapidly decolorized in the presence of acid. If a solution of 
arsenious acid is colored blue by indigo, the latter is not bleached until 
all the arsenious acid has been oxidized to arsenic acid. 



Hydrobromic Acid, HBr 

Occurrence. — Bromine compounds are always found in nature to- 
gether with chlorine compounds; thus salts of hydrobromic acid are 
found in the ocean and in many mineral waters. 

Preparation. — Hj’drogea bromide can be prepared directly from hydrogen and 
bromine ^vith the aid of a suitable catalyst, e.g., platinum. It can be obtained by the 
action of a reducing agent, such as hydrogen sulfide or sulfur dioxide, upon bromine 

Br* + SO. + 2 HiO — H,SOi + 2 HBr 

or by the hydrolysis of phosphorus tribromide 

PBr, + 3 HOH -> HjPO, + 3 HBr 

Fairly pure hydrobromic acid can be obtained by adding sulfuric or phosphoric acid 
to an aqueous solution of an alkali bromide and distilling. If sulfuric acid is used, 
bromine is also formed as soon as the hot acid is about 9 Af in concentration. 

2 NaBr + HjSO* -* NasSO« + 2 HBr 

2 HBr + H“S 04 — *2 HjO + SO, + Br, 

Properties. — Hydrogen bromide, HBr, like hydrogen chloride is a colorless gas 
wilh a suffocating odor which fumes in moist air and forms clouds of ammonium 
hroinide on coining in contact with ammonia vapors. The critical temperature is 
SO.S" and the critical pressure about 84 atmospheres. Solid hydrogen bromide melts 
at — 87‘, and the liquid Iwils at —66.7°. The gas is very soluble in water; 100 g 
of wafer ali.sorb 193 g of hydrogen bromide at room temperature. The solution with 
47 per cent HBr, which corresponds closely to HBr • 5 HtO, has a constant boiling 

point at 12()°. When the term “ hydrobromic acid ” is used in chemical literature, it 

usually refers to an aqueous solution of the gas. Hydrobromic acid is less stable than 
hydrocliloric acid and more stable than hydriodic acid. 

.MfhoiigU hydrochloric acid can be kept in aqueous solution for an indefinitely long 
lime, II --olution of hydrobromic acid soon turns brown, owing to the separation of 
hr . aiii.;. Hydrobromic acid is oxidized by atmospheric oxygen: 

4 HBr + O, -> 2 H.O + 2 Br, f 

Owing to the slight solubility of cuprous bromide, and aided by the presence of a 
little free bromine, hydrobromic acid will dissolve copper, although this element is 
below hydrogen in the electromotive scries (cf. pp. 43 and 129). 

Hydrobromic acid is readily oxidized with separation of bromine, by peroxides, 
nitrates, chromatc.s, etc., provided a concentrated solution of hydrobromic acid is 
used. 

Hydrobromic acid is a monobasic acid; its salts are called bromides. It is one of 
the strongest acids, and the aqueous solutions are ionized to the same extent as solu- 
tions of hydrochloric acid. 

The solubility of a bromide is similar to that of the corresponding chloride. 
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Reactions in the Wet Way 

1. Dilute Sulfuric Acid (1 : 10) evolves no hydrobromic acid from 
bromides in the cold, but, on warming, does so from bromides of the 
alkalies. 

2. Concentrated Sulfuric Acid causes evolution of hydrobromic acid 
and bromine from all bromides: 

H;SOi + 2 Br" -> SOr' + 2 HBr 

and 

H 2 SO 4 + 2 HBr 2 HiO + SO 2 t + Br^ j 


The solution is brown, and, on warming, yellowish brown vapors are 
given off (difference from hydrochloric acid), whirli. .-;ince they contain 
hydrobromic acid, fume in moist air, have a suffocating odor, and do 
not render water turbid (difference from fluosilicic acid). 

3. Phosphoric Acid cau.scs the evolution of hydrobromic acid. If 
an oxidizing agent is also present, bromine is evolved. 

4. Silver Nitrate produces a curdy, cream-colored precipitate of silver 
bromide, insoluble in nitric acid, but solul)lc in ammonia, potassium 
cyanide, and sodium thio.sulfate. Silver Itromidc' is less soluble than 

silver chloride. 

Silver chloride, therefore, if digested with potassium bromide, will 
be changed into silver bromide. 

AgCl + KBr AgBr + KCl 

If, however, silver bromide is heated and treated with chlorine gas, 
it is readily changed into silver chloritle: 

2 AgBr + CI 2 2 AgCl + Br-^ t 

5 Chlorine Water, on being added to .sohition.s of soluble bro- 
mides, sets free bromine, which is soluble in carbon disulfide or chlo- 
roform, forming a brown solution; but it is changed, by an oxce.ss of 
chlorine water, into yellowi.sh chloride of bromine (BrCl) (dinferen<-e 


from iodine). 

6 Fluorescein is turned red by bromine liberated by the action of 
an oxidizing agent upon a bromide in the presence of aeul. 


The yellow dyestuff, fluorescein, CaHnO* 
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is changed to red tetrabromofluorescein (eosin) by the action of bromine. Bromine 
is liberated from bromide by the action of lead dioxide in the presence of acetic acid. 

2 Br' + PbOj + 4 HCjHiO, Pb(C,HjO,)j + 2 C*H,Or + 2 H,0 + Br, 


In a tiny flask place a drop of the solution to be tested, a few grains of solid lead 
dioxide, and some acetic acid. Instead of the lead dioxide and acetic acid a drop of 
25 per cent chromic acid solution can be used. Heat and cause the vapors to come 
in contact with filter paper which has been impregnated with a saturated solution 
of fluorescein in 50 per cent alcohol. The test can be obtained with 2 y of bromine. 



The dye-stuff fuchsin, 



forms a colorless addition product with bisulfite. If a solution of fuchsin 
which has been decolorized by adding sodium bisulfite, NaHSOa, is 
acted upon by a little l)romine, a blue bromine substitution product of the 
dyestuff is obtained. Since chlorine and iodine do not give this color 
test, it Is useful for detecting small quantities of bromide in the presence 
of considerable iodide or chloride. 


Place a drop of the solution to be tested, or a little of the solid substance, in a small 
tube and add 2—1 drops of a 25 |>er cent solution of chromic acid anhydride, CrO*. 
Draw out the end of the tube to a capillary and in the capillarj' insert a drop of 0.1 
per cent fuclisin solution which has been decolorized by adding a little sodium bisul- 
fite, NallSOa. Heat carefully but do not boil. If a bromide is present a violet 
coloration will be obtained with as little as 3.2 y of bromine. 

8. Nitrous Acid docs not cause the separation of bromine from a 
dilute bromide solution in the cold (difference from iodine). 

9. Potassium Dichromate, in the presence of dilute sulfuric acid, 
does not cause separation of bromine from aqueous solutions of bro- 
mides; on shaking the solution \nth carbon disulfide, the latter remains 
colorless (difference from iodine). 

10. Potassium Dichromate and Concentrated Sulfuric Acid. — On 
rni.xing a solid bromide with solid potassium dichromate, covering the 
mixture with conccntrat(*d sulfuric acid, and distilling, a brown dis- 
tillate is obtained (as with a chloride), which, however, consists of 
l>romine and contains no chromium: 


CroO:" + 6 Br" -{- 14 H+ ^ 2 Cr+++ 7 HsO + 3 Bra T 

On adding dilute sodium hydroxide to the distillate, a colorless (or 
sometimes a faint yellow) solution is obtained wiuch, after being 
acidified with sulfuric acid, does not give the chromium reaction with 
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dilute sulfuric acid aud hydrogen peroxide, but merely turns brown 
owing to the liberation of free bromine (difference from chlorine). 

11. Potassium Permanganate oxidizes hydrobromic acid more readily 
than it does hydrochloric acid and less readily tlian it does hydriodic 
acid. 

DETECTION OF BROMINE IN NON-ELECTROLYTES 

The procedure is exactly the same as was given in the test for chlorine 
in a non-electrolyte (see p. 304). 



Free Bromine 


Free bromine (which may be obtained by the oxidation of hydrobromic acid) is a 
b^o^vn liquid at ordinary temperatures, and dissolves in water, forming a colored 
solution. Bromine boils at 63®, and evaporates rapidly at ordinary temperatures. 
Bromine vapors are brownish red and very poisonous. The cold, saturated solution 
of bromine contains 2 to 3 per cent of dissolved bromine. Concentrated hydrochloric 
acid at the ordinary temperatures dissolves much more bromine; the saturated solution 
containing about 13 per cent of the substance is on efficient oxidizing agent. Alcohol, 
ether, carbon bisulfide, carbon tetracliloride, and chloroform dissolve bromine very 
readily. Bromine is so much more soluble in these last three solvents, which are 
heavier than water and do not mix with it to any extent, that the greater part of the 
bromine can be removed by shaking the aqueous solution with a much smaller volume 
of the other liquid solvent. Bromine water, like chlorine w'ater, is decomposed by 
standing in the light; by shaking with mercury the free bromine is taken up and the 
presence of hydrobromic acid is shown by the acid reaction. Hence the detection of 
hydrobromic acid in the presence of bromine is accomplished in precisely the same 
way as was described for the detection of hydrochloric acid in the presence of free 
chlorine (cf. p. 306). 

Bromine, like chlorine, acts as a strong bleaching agent (oxidizing the color) and 
combines directly with metallic mercury, forming insoluble mercurous bromide. 
Bromine acts upon solutions of alkali hydroxides exactly as chlorine does: 

(o) In a cold dilute solution: 

Br, + 2 Oir ^ Br‘ + BrO" + H,0 

(6) On wanning: 

3 Br^ + 0 OH" ^ 5 Br' + BrO*' + 3 H|0 
(c) Upon adding ammonia: 

3 Br, + 8 NH, -» 0 NH«Br + N, t 


Hydriodic Acid, HI 


Occurrence. — Iodine occurs in nature as the iodide and as the iodate, most fre- 
quently as the former, accompanying (in small amounts) chlorine and bromine, 

e.g., in the ocean, in mineral waters, etc. 

Preparatum. — Pure hydrogen iodide can be obtained by the action of an acid 

iodide upon water: 

PI, -f- 3 H:0 -» HjPO, -h 3 HI 


If we attempt to prepare hydriodic acid by the action of sulfuric acid upon iodides, 
even from dilute solutions, it is more diflicult than in the case of hydrohromic acid 
to obtain a pure product, on account of the strong reducing power of hytlriodic acid. 
The hydriodic acid thus obtained always contains a large amount of iodine, together 
with the reduction products of sulfuric acid, the latter varying in composition ac- 
cording to the concentration of the acid eniploycd and of the iodide solution. Thus, 
with considerable concentrated sulfuric acid, sulfur dioxiilc is obtained. 


2 Nal -f- 3 HjSO* 2 NaHSO* -h 2 II;0 + SO- 1 + !.• 

But if considerable iodide is present, the .sulfuric acid is reduced to sulfur and 
finally to hydrogen sulfide: 

0 KI + 7 lIjSO* f> KliSO* + S -1- 4 H:(> +3 1; 

8 KI + 9 HiSO, 8 KHSO* + iI;S J + 4 IhO + 4 1; 

A dilute solution of hydriodic acid can be obtained by passing hydrogen sulfide info 
a suspension of iodine in water: 

H:S + 1,-2 III +.S 

It can also be made by heating an alkali iodide with phospl.oric arid «n<l ab.sorbing 
the vapors m cold water or by the action of plio.splioru>, ioilinc, am \\at( r. 

2P + 5Ii + «H:0-2IU'O. + 10 III 

PropeWtes. — Pure hydrogen iodide i-s a colories.- ga.s of sulTorating oilor with 
critical temperature 150° and critical pre.s-ure 71 atino-phero. llie .solid molts at 
-51° and boiU at -35.5°. When licutcd, liydrog.-n lodnlc begins to di.ssociato 
into hydrogen and iodine at 180°. but at 1000° the db-ociation is only 29 p.T cent 
With water it forms a coiLstant-lxiiling mixture at 127'. the mixture eontam.s o7 
per cent HI and has a density of 1 .71 . Stilution.- of higher density fume on exposure 

The aqueous solution of hydriodic a<-id is even more difrieiili to keep tlian a solution 
of hydrobromic acid; it soon turns brown, owin^ to tlic reparation o km me. 

4 HI + Oi fair) 2 H.O +2 1; 

If hydrogen sulfide is conducted into the brown solution, it is decolorized, with 
separation of sulfur: 

I, + H;S-2HI+S 

Owing to the extremely slight ionization of complex mercuric iodide aim hy- 
driodic acid is capable of dissolving mercury, wluch is considerably below hjdrogen 
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in the electromotive series (cf. pp. 43 and 47): 

Hg + 4 HI HjJHgl*] + Hi r 

Hydriodic acid (like hydrochloric and hydrobromic acids) is oxidized by peroxides, 
nitrates, nitrites, chromates, etc., with separation of iodine; in this case the oxidation 
of the hydriodic acid takes place so readily that a very dilute solution is oxidized by 
nitrous and chromic acids even in the cold. 

Hydriodic acid is a monobasic acid; its salts are called iodides. It is a strong acid 
and the dilute aqueous solutions are almost completely ionized. 

The solubilities of the iodine compounds are analogous to the corresponding bro- 
mine and chlorine compounds. The cuprous, silver, mercury, and palladium salts 
are much less soluble than the corresponding chlorine or bromine compounds. 

Reactions in the Wet Way 

1. Dilute Sulfuric Acid (1 : 10) attacks the iodides of the alkalies 
perceptibly, but only on warming. 

2. Concentrated Sulfuric Acid reacts in the cold (cf. p. 315). 

3. Silver Nitrate produces a yellow, curdy precipitate of silver 
iodide, insoluble in nitric acid, and only slightly, soluble in ammonia, 
but readily soluble in potassium cyanide and sodium thiosulfate. 

Treatment with ammonia causes the silver iodide to assume a much 
lighter color. 

By the action of chlorine gas, silver iodide is readily changed into 
silver chloride: 

2 Agl + Cl; 2 AgCl + I; 

On the other hand, if chloride or bromide of silver is treated with 
potassium iodide solution it will be changed into silver iodide: 

AgCl + KI KCl + Agl 

AgBr + KI ICBr + Agl 

This .apparently anomalous behavior is easy to explain. As its position in the 
electromotive series shows, free chlorine can displace bromine or iodine in its salts; 
it lias a greater tcnclcncy to be re<luccd to chloride ions. On the other band, silver 
iodide is far less soluble than silver bromide and the latter is less soluble than silver 
chloride, and. for this reason alone, iodide ions will replace chloride or bromide ions 
in the case of the silver salts. 

1. Bromine Water reacts with iodide ions in the same way that 
chlorine does. 

The following test is capable of detecting 0.1 y of iodine present as iodide. It 
depends upon the oxidation of the original iodide to iodate, the removal of the excess 
oxitlizer by its reaction with phenol, or xvith formic acid, and reaction of the iodate 
with some added iodide and acid. 

r -t- 3 Br- + 3 II;0 — lOr -h 0 H- + 6 Br" 

.3 Hr: + C.ILOII — C 6 H 2 Br,OH + 3 IIBr 
Br; -f HCOiH -»2 IIBr + CO- 
lOr + Sr + --3H:0 + 3 1, 
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The interesting part of this test is that iodide is used to detect iodine that was orig- 
inally present as iodide. Place 1 drop of the neutral solution to In* tested in a tiny 
porcelain crucible, add 1 drop of .saturated bromine water, heat rarefully, and remove 
the excess bromine by adding a small crystal of plienol (or a drop of ?>0 per cent 
formic acid). Cool, make acid, and add 1 drop of per cent potassium iodide 
solution and 1 drop of starch solution. \ blue color shows Uic presence of iodine. 


5. Chlorine Water sets free iodine from iodides, 

2 KI + Cl, ^ 2 IvCI + 1, 

which colors carbon disulfide reddisli violet, or stareh-paste blue. 

Upon adding an excess of chlorine water, the violet color disappears, 
the iodine being oxidized to colorless iodic acitl: 

I, -i- 6 H,0 + 5 Cl, 10 IICl + 2 HIOs 

6 . Cupric Salts are reduced by iodide.-^ ; a bi-ownish mixture of cu prous 
iodide and iodine itsually separates out allliougli the cuprous iodide 
remains in solution as Culj " if con.siderabic iodide is prc.-'cnt . 

2 Cu-^^ + 4 1"-* Cu,I, + I, 

If sulfurous acid, sodium tliiosulfatc, or fcrrou.s .sulfate is then added 
to the solution, a nearly wliite dcpo.sit of cuprous iodide is obtainc.l, 
owing to the free iodine being ebunged to bydriodic acid by the reduc- 
ing agent: 

SOa" + HsO + I2 SO4" + 2 11+ + 2 r 

2S,03"‘ + l2->S4(V + 2 r 

7. Lead Salts precipitate yellow lead iodide, soluble m consider- 
able hot water and forming a colorlc.^s solution wliich deposits gol.l- 

yeilow plates of Pbl, on cooling. , 

8. Mercuric Chloride produci's scarlet mercuric ludidc, .sulublc m 

an excess of potassium iodide: 

IIg++' + 2r-> Hgl, 

Hgl, + 21“ -* [Hgl il" 

If a solution of an alkali iodide is Ireat.al witli ammonia and a little 
potassium hydroxide a.td then witl. a f.'w tlrops of n.ereunc cldonde, 
a reddish brown precipitate of climer™rica.nm..u.-iod,de is obtamed. 

This is a sensitive reaction. .1 vt 

9. Nitrous Acid. -If a dilute solution of an iodide is treated w.tii 

nitrous acid, iodine separatc.s out aiul tlie solution monus >c ow 01 
brown in color (difference from clilorides and bromides): 

2 HNO, + 2 HI -» 2 NO + I 3 + 2 H -O 
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This extremely sensitive reaction is best performed as follows : 


Prepare a solution of nitrous acid in concentrated sulfuric acid (nitrosyl sulfuric 
acid) by heating arsenic trioxide \vith nitric acid {density 1.30-1.35) and conducting 
the gases evolved (NO* and NO) into sulfuric acid (density 1.75-1.80) : 

As,0, + 2 HNO, -» AsiOi + H2O + NO, T + NO r 

2 so. + NO. + NO ^ H.0 + 2 SO. 


This solution of nitrosylsulfuric acid is sometimes called “ nitrose.” It can be 
kept for some time, but water decomposes it into nitrous and sulfuric acids: 



/OH 

\ONO 


-f HOH 


H.SO4 + HNO, 


Treat the solution to be tested with a few drops of niirose and shake with a little 
carbon disulfide or chloroform; if an iodide is present, iodine is liberated, which 
colors the carbon disulfide or chloroform violet. 


10. Palladous Chloride (it is best to use sodium chloropalladite) 
precipitates black palladous iodide from dilute solutions of an iodide 
(difTerence from chlorine and bromine), 

Na^PdCU] + 2 KI ^ 2 NaCl + 2 KCl + Pdlj 


whicli is readily soluble in an excess of potassium iodide. 

11. Potassium Dichromate, in the presence of dilute sulfuric acid 
causes (he .s('paration of iodine from dilute iodide solutions in the 
cold; the iodine can be more easily recognized by shaking the solu- 
tion with chloroform or carbon disulfide (difference from bromine): 

Cr,07" + 0 r -i- 14 H+ -> 2 Cr-^^ -h 7 H.O -|- 3 I 2 


By heating a mixture of solid iodide and solid potassium dichro- 
mate witli conc('ntrated sulfuric acid, iodine is set free (according 
to the above c(iuation), wlucli distils over, and can be condensed in 
the receiver. No cluomiura is carried over by this reaction (differ- 
ence from chlorine). 

12. Potassium Permanganate oxidizes hydriodic acid more readily 
(lian it acts upon liydrohroinic or hydrochloric acids. The oxidation 
will take place in dilute acetic acid solutions containing considerable 
sodium acetate. 


DETECTION OF IODINE IN NON-ELECTROL'i'TES 

The method is tlie same as described for detecting chlorine in non- 
clectrolytcs (see p. 304). 


Free Iodine 


Free iodine forms scales resembling graphite in appearance; its 
density is 4.94 at 17°. It melts at 114* (at the same temperature as 
sulfur), but begins to volatilize at ordinary temperatures, and is com- 
pletely transformed into violet vapors at 200*. 

Iodine is only slightly .soluble in water (100 parts of water dissolve 
0.02 part of iodine) but is .soluble to a coiLsiilerable extent in alcohol 
and ether, forming brown solutioas, and it is much more soluble in 
carbon disulfide, carbon tetrachloride, and chloroform; practically 
all the iodine can lx; removed from an ariueou.s .solution by shaking a 
few times with either of these .solvents (cf, p. 14). Iodine is very 
soluble in hydriodic acid, or in a solution of an alkali iodide, forming 
tri-iodide ions: 

r + 


The solution of the tri-iodide .shows :ill the reactions of free iodine, but the vapor 
tension of the iodine is much Icks than in a .solution of j)ure water because only a little 

free iodine is actually pre.'ieiit at any one tiino. 

Commercial iodine always contuins water, chlorine, l.romino, and often cyanogen 

(cyanogen iodide) a.s impurities. 

An aqueous solution of iodine i.s a weak <jxiili/ing agent. If hydrogen sulfide is 
pa&sed througii an aqucoiLs ftolutifin of iodine, it becomes colorless and turbid, owing 
to the separation of sulfur: 

II;S -h I:-2 III + S 

Solid iodine Ls not acted upon at .irdinary tempcrature.s by hydrogen suliidc; 
heat is neces-sary to pmducc tlie eiidothermie liy<lriodi<' inad. 

In aqueous solution the ne«-essarv heat eia-rgy i.s furni.slicd hy the .solution of the 
hydriodic acid formed in water. 'Iho fact fliat solid io.liue is not acted ui)on liy 
hydrogen sulfide, while it deeomposc.s ursine, is utili/cl in the preparation of l.ydrogen 
sulfide containing no arsenic from pyrites containing arsenic (ef. p. ir/2). Iho 
mixture of hydrogen sulfide and ursine is pa.sscd over iodine, and only the arsine 

i« removed. 


Ri^acdonii in the ff et ff ay 

1. Sodium Thiosulfate decolorizes iodine soUitions, forming .sodium 
tetrathionate and .sodium iodide: 

2 SA" + Ii BA" + 2 I 

Cldorine and bromine react in exacrtly tl.e same way upon sodium tbiosulfato 
solutions when they are not present in excess. In the latter case the reaction goes 
further and the tetrall.ionute i.s oxidised to sulfate and sulfuric acid with .leiKisi- 
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tioQ of sulfur, and the sulfur itself is gradually oxidized to sulfuric acid by the halo* 
gens; 

2 S40r' + 12 HiO + 8 CIs -» 16 Cl" + 6 SO*” + 24 H+ + 2 S 
2 S + 8 H 2 O -t- 6 Cla — 16 H+ + 2 SO*" + 12 Cl" 

Other weak oudiztng agents, such as ferric and cupric salts, act upon thiosulfate 
similarly to iodine (see Thiosulfuric Acid). 

2. Starch Paste. — Free iodine colors starch paste blue, but only in 
the presence of hydriodic acid or a soluble iodide. 

Opinions differ concerning the composition of the blue “iodide of starch." Some 
hold that it is a compound; others regard it as a solid solution.* According to 
Mylius.t iodide of starch is the hydriodic acid compound of an iodine addition^ 
product of starch, containing about 18 per cent iodine, corresponding to the formula 
(Cs^H^nOjoIl^ • HI. This compound acts as an acid. If iodide of starch is produced, 
in a neutral solution, in the presence of iodides, a salt of the above acid is formed, of 
which Mylius isolated the barium salt. Iodide of starch, then, can be regarded as 
a double salt, similar to carnallite, MgCIj • KCl • 6 H 2 O. In dilute solutions it 
must be dissociated into its components, e.g., the potassium salt 

[CuXi*Mh ■ KI 4 IC:4H,o02oI] + KI 

and if we assume that the compound C 2 jI,oO»I is colorless, the aqueous solution of 
starch iodide will be colorless; but on increasing the concentration of the alkali 
iodide, the double salt will be less dissociated and the blue color of the undissociated 
cotupouiid will appear, which corresponds with the facts. If a dilute aqueous iodine 
solution (obtained by shaking iodine with water) is added drop by drop to a dilute 
aqueoiKs starch .solution, a blue color will appear at the spot where the two solutions 
first conic in contact, but this color will disappear on stirring. If some potassium 
(or other) iotlide i.s added to the colorless solution of the starch and iodine, a perma- 
nent blue coloration will at once appeiU’.J 

The temporary appearance of tlie blue color, immediately on adding the iodine 
solution, i.s probal>ly due to the fact that the iodine first forms a substitution product 
with the starcli, setting free hydriodic acid, which furnishes the conditions for the 
formation of the iodiilc of starch. 

The fact that a starch solution containing an iodide is much more sensitive than 
one in pure wafer has been known for a long time. 

DETECTION OF HYDROCHLORIC, HYDROBROMIC, AND HYDRIODIC 
ACIDS IN THE PRESENCE OF ONE ANOTHER 

Method A 

The solution to be tested should contain the alkali salts of the above 
acids. Half of this solution is taken for the bromide and iodide test, 
tlic otlier half being: retained for the chloride test. 

* Kvister, Ann., 283, 0S9 (1S04). C. O. Harz. Chem.Zentr., 1898, 1, 1018; Andrews 
and Ciitscli, J. Am. (Vnm. Soc., 24, 805 (1906); Padra and Savori, Chem. Zentr., 
1906, I. 1593; Katyam.a. Z. anorg. Chem., 66, 200 (1007). 

t Mylius. Her., 20, GS8, and C. Lonnes, Z. anal. Chem., 33, 409. 

% The blue color disappoais on heating the solution, but reappears on cooling. 
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(a) Deiection oj Bromine and Iodine 

1. Acidify the solution with dilute sulfuric acid, add a little carbon disulfide, or 
chloroform, a drop of chlorine water, and shake. If iodine is present (even in the 
presence of bromine), the carbon disulfide will be colored reddish violet. 

To detect bromine shake repeatedly after the addition of small portions of chlorine 
water, until the reddish violet color has disappeared, showing that the iodine has 
been completely oxidized to iodic acid; the brown color of the bromine dissolved 
in the carbon disulfide will then appear and become a pale yellow on further addition 
of chlorine water. 

2. Instead of using chlorine water, it is often l>ctter to test for iodine (especially 
when only small amounts are present, as in mineral watere) with nitrous acid. 
Slightly acidify the solution to be tested for iodine and bn.minc with dilute sulfuric 
acid, add carbon disulfide and a few drops of a solution of nitrous acid in sulfuric 
acid, and shake the mixture. If the carbon disulfide is colored reddisli violet , iodine 
is present. Pour off the aqueous solution (through a moi.>tcned filter, in order to 
remove any suspended drops of colored carbnu di.vulfide), add cliluniie water, and 
shake the solution with fresh carbon disulfide. If the latter now assumes a brown 
color, bromine is present. 


(b) Detection of Chlorine 

The simplest way of separating chlorine from bromine ami iodine is by fractional 
precipitation with silver nitrate. If the solutio.i containing sa t.s of the three hal..- 
gens is treated with dilute .^Ivcr nitrate, drop by droi). the iodide w.l l.c tn>t |.re- 
cipitated as yellow silver icHlide, then the hnmii<le a.s u i):i c ^ 

linaUy the chloride ee pare while silver chlunde. To scmrole >h,- rhlon,,,. from , he 
other two halogcm, acidify a little of the eolutioa to he Icded w.lh la.ne .,e,.l add 
a drop of dilate silver ..itratc solatioa (1 : 100), shaho, a.,d hod .he oaMare wh.eh 
causes the precipitate to collec. together, if bro.nii.e or ioda.e ,s ,,rese.d I.e p,^ 
cipitate is yellow. Filler olT tlie preeipitatc a.al agaai treat will, tlie . ilu e silver 
nitrate, etc , until a pure white precipitate of silver el.lorlde la ol.ta.i.ed, if el.loii.ie is 

'‘'^"f.iteriag oil the precipitate it is easy to tell whether it is pure while, for the 
elightest tinge of yellow will show against the white paper. 


,%tpiho<l It 

This method of analysis is based upon .be dilTerent degrees of 
the iodide, bromide, and chloride ions are osidired by 1 per real po.„s,s,u,n p r n, - 
ganatc solution. In a dilute solu.ioa containing a hUle in-'.e acid nnd , ->1 

sodium acetate, an iodide is immediately o.vidised will. I' '";";;'" " ", I'.le w 

can be removed from tlie solution by sliaking with a .so veil " m i ■ n 

water (cf. p 14). Under tlie.se conditions an npprccnilile ipnintilj o bronii k or 
chloride ions is not oiudized in the time required for tile 

iodide. When the concentration of the hydrogen ions is iiiert.i. , . 

of a prescribed quantity of sulfuric acid, tlie bromide is a-vidired ve , rapnily wlnle 

the rL of the TOrrespoLing reaction with cliloridc ions is so slow ''l"' 

free chlorine is formed. The solution may even be boiled witlioul losing more Ilian a 

email fraction of the cliloridc ions originally pre-seiit. 

The increaHC in the oxidizing power of tlic permungunato ho addi, n ^ 

hydrogen ioaa ia a direct fulfillment of the muss-act.on principle (p. 4o). In the 
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reaction between permanganate and halogen ions, hydrogen ions are required, 

2 Mn 04 ' + 6 I" -f 8 — 2 MnO, + 4 H,0 + 3 la 

or 

2 MnO,‘ + 10 I' + 16 -♦ 2 Mn^ + 8 H,0 +5 1* 

The permanganate will be reduced only to the quadrivalent condition, and man- 
ganese dioxide will be precipitated, when the supply of hydrogen ions is limited, 
but bivalent managanous cations will be formed to a greater extent when more acid 
is present. 

In carrj'ing out this method of analj'sis, it is very important that the directions 
should be closely followed as regards the quantities of acid added. 

Procedure. — If the solution to be tested is acid, add sodium carbonate solution 
drop by drop until the solution no longer gives a decided red color to blue litmus 
paper. If too much sodium carbonate is added accidentally, add dilute nitric acid, 
drop by drop, until a very faint acid test is obtained in the well-stirred liquid. Then 
add 8 ml of normal sodium acetate solution and 2 ml of 6-normal acetic acid, and 
filter if any precipitate is formed. Add 3 ml of chloroform and 1 per cent perman- 
ganate solution, 1 ml at a time, until the aqueous solution after being vigorously 
shaken shows the pink color of permanganate. If an iodide is present, the chloro- 
form will now be colored purple by the presence of free iodine. 

Pour the mixture through a moistened filter to remove the chloroform and pre- 
cipitated inangunesc dioxide; the wetting with water serves to prevent chloroform 
pa.«sing through the pores of the pa|)or. Shake the filtrate, if necessary, with fresh 
portions of cliloroform to extract all the iodine from the aqueous solution (cf. p. H), 
filtering thrciugh u fresh filter each lime. 

When all the iodine has been removed, transfer the solution to a separatory funnel; 
ad<l 3 nil of fresh chloroform, .5 ml of 6-normal sulfuric acid, and 1 ml of the dilute 
pcrnianganatc, unle.s.s an excess of the last-mentioned reagent is already present. 
Shake vigoiou.<ly, and then allow the chloroform to separate out beneath the water. 
If bromine is present, the chloroform will be colored yellow or orange. 

Carefully remove tlio chloroform with the aid of the separatory funnel and transfer 
the aqueous .solution ton porcelain dish. Add from 5 to 20ml of dilute permanganate, 
acconiing to the amount of bromide probably present, and boil the mixture about 
five minutes, or until the volume of the solution has been reduced to 10 ml. Filter 
o(T the manganese dioxide precipitate; and, if the solution is still pink, add sulfurous 
acid drop by drop until it is colorle.-v<. Boiling the solution serves to oxidize the last 
traces of bromine ions present without oxidizing chlorine ions to any extent. The 
excess of permanganate reacts with manganous ions (formed by reduction of the 
pcrnianganatc) to form mangaiic-''e dioxide, 

2 MuO*' + a Mn++ + 2 HjO -♦ 5 MnO, + 4 

but the presence of hydrogen ions interferes with this reaction, in accordance with 
the ma.<s-action law. Consequently, cither owing to the fact that there is a defi- 
ciency of manganous ions in the solution or because the concentration of the hydro- 
gen ions is too great, it is often necessary to add sulfurous acid to reduce the last 
traces of permanganate ion. 

2 MnO*" + 5 SO,"' + 6 -> 2 + 5 SO*"" + 3 H,0 

Dilute the solution to 100 ml, filter if necessary, add 20 ml of 6-normal nitric acid 
and !i little silver nitrate solution. A cui'dy precipitate of silver chloride is formed 
if a chloride is present. 
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Remark. — The above method of separation is capable of giWng excellent results. 
A solid substance can be tested for chloride, bromide, and iodide after first beating 
it with phosphoric acid and collecting the distillate. If about 2 g of solid, 25 ml of 
water, and 10 ml of 85 per cent phosphoric acid are used, all the iodine, bromine, and 
chlorine will pass into the distillate. If any oxidizing agent is present, however, free 
iodine, free bromine, and free chlorine will be formed in the order named. The free 
halogen can be removed by shaking the distillate with chloroform (cf. p. 321). If 
free chlorine is formed, it will dissolve in the chloroform. Iodine and bromine are 
recognized by the color they impart to the chloroform and chlorine and bromine by 
the liberation of iodine from potassium iodide, .\fter the removal of the free halogen, 
the distillate may be tested for hydriodic, hydrobromic, and hydrochloric acids as 
described on pages 320, 321. By distilling with phosphoric acid, halogen is ob- 
tained even from chlorates and bromates if a re<lucing agent is present. 


DETECTION OF HALOGEN IN 'HIE 


LKE.SENCE OF CYANIDE 


Conduct carbon dioxide through the slightly alkaline, boiling solution until the 
escaping gas no longer gives any turbidity when pa.ssed into a nitric acid solution of 
silver nitrate. 

The carbon dioxide may be prepared in a Kipp generator from marble and dilute 
hydrochloric acid and washed with sodium bicarlionatc solution. The curlx>nic 
acid expels the weaker hydrocyanic acid from its salts (cf. p. 11). Owing to the 
very poisonous nature of hydrocyanic acid, the expulsion of the g.'is should take 
place under a good hood. 

After the removal of the hydrocyanic acid, test the solution in the usual way 
for halogens. 



Hydrocyanic Acid (Prussic Acid), hcn 

Occurrence. — Tlie compound of hydrogen with the univalent cyanide radical, 
CN", occurs to some extent in nature. It is found in all parts of a tree growing in 
Java {Pangium edule), particularly in the seed kernels. Its compounds are found 
in many plants as a glucoside (amygdalin), which yields, on hydrolysis, a carbo- 
hydrate, benzaldehyde, and prussic acid: 

+ 2 HsO — 2 CoHiiOe + CeHsCHO + HCN 

Aiiiyg'ialin Bcnzalciebyde 

Amygdalin is found in bitter almonds, in the fruit kernels of cherries, apricots, 
peaches, etc., and in (he leaves of the chcrrj' laurel {Prunus laurocerassus). It is 
usually accompanied bj’ a ferment, so that, on macerating the parts of the plant 
which contain the amygdalin, an aqueous solution of pn^ssic acid is obtained (bittei^ 
almond water). 

Preparation. — If ammonia is passed over glowing carbon, ammonium cyanide 
is formed; so that this salt, as well as other cyanogen compounds, is found in the 
“ gas-water ” obtained by the dry distillation of coal. 

Hydrocyanic acid may also be prepared by adding acid to many cyanogen com- 
pounds. If yellow prussiate of potash is treated wth dilute sulfuric acid and dis- 
tilled, prussic acid is evolved, which, after .standing over solid calcium chloride, may 
be obtained in the anhydrous condition as a colorless, exceedingly poisonous liquid, 
smelling of bitter ulnioiids, and boiling at 26.5* C: 

2 K4[Fc(CX)c] + 0 11, SO^ — G 101304 + K.FetFe(CN).l + 6 HCN 

The most convenient inotlmd for preparing anhydrous hydrogen cyanide* consists 
in allowing a mixture of cq\ial volumes of sulfuric acid and water to drop upon sticks 
of 98 per cent pota.ssiuin cyanide. Hydrogen cyanide is evolved, contaminated with 
tracc.s of water which can be removed by allowing the liquid to stand over solid 
calcium chloi ide. 

Properties. — Hydrogen cyanide is a clear mobile liquid which boils at 26.5* and 
freeza-t at — 15*. It burns with a purple flame to form H2O, CO2, and Nj. It mixes 
in all proportions witll -water, alcohol, and ether. 

Aqueous hydrocyanic acid cannot be kept indeflnitely; a brown deposit soon ap- 
pears, and ammonium formate is formed: 

ncx -h 2 HOH — HC0,NH4 

If a little mineral acid is added to the aqueous solution, it may be kept much 
longer; but, even then, ammonia and formic acid xvill be formed after a long time. 
Cold concentrated hydrochloric acid converts hydrocyanic acid into formamide, 
HCX H2O — > HCOXIIi, but on warming this compound is decomposed into 
carbon monoxide and ammonia. 

Hydrocyanic acid in aqueous solution is a very poor conductor of electricity; m 
other words, it is a very weak acid, and is ionized only to a slight extent. The 


• J. Wade and L. Panting, Proc. Chem. Soc., 190, 49 (1897-8). 
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ionization constant is 7 X 10“’® at IS'’. In 0.1-normal solution it is only O.OOG 
per cent ionized. 

The salts of hydrocyanic acid, the cyanides, are very similar in their properties 
to the corresponding halogen compounds, but are distinguished by their ability to 
form stable complex salts, which contain scarcely any cyanide ions in aqueous 
solution, and consequently do not give some of the reactions for hydrocyanic acid. 

Solubility of Cyattides. — The cyanides of the alkalies and alkaline earths are readily 
soluble in water, but hydrolysis (p. 52) takes place to a considerable extent: 

CN‘ + HjO -» OH‘ -I- HCX 

Since hydrocyanic acid is only slightly ionized, the aqueous solution of an alkali 
cyanide behaves like a solution of alkali hydroxide containing free prussic acid; 
the odor of the latter can lie easily detected. The salts of hydrocyanic acid are 
decomposed by acids, even by weak carbonic acid. 

The remaining cyanides, with the exception of mercuric cyanide, are insoluble in 
water. 


Reactions in tbe Wet Way 

1. Dilute Sulfuric Acid decomposc.s solution.s of all .soluble cyan- 
ides, with the e.xccption of mercuric cyanide, scttitig free hydroeyatiic 
acid in the cold (recogni 2 al)lo by its odor). Danger! 

The insoluble cyanides arc decompo.'jed by dilute sulfuric acid c)nl.\’ 
on warming. 

2. Concentrated Sulfuric Acid decomposes all cyanides on warm- 
ing, the complex cyanides as well as tlie .simple ones. The iindtils 
arc then obtained in the form of at'id sulfates, the carbon of the cyano- 
gen is changed to carbon monoxide, and the nitrogen into ammonium 
bisulfate; 

Ni(CN)2 + 3 HjSOi + 2 H-O NiSOi + 2 NHJISO^ + 2 CO t 

With mercuric cyanide, besides cai-bon monoxide, sulfur dioxide 
and carbon dioxide arc obtained; for inercuric cyanide is decom- 
posed at the temperature of boiling sulfuric acid into merciuy anil 
cyanogen and the former dis.solvcs in the hot .sulfurtc acid, witlj for- 
mation of mercuric sulfate and evolution of .sulfur dioxide: 

Hg(CN)2 + 6 H2S04 2 NH4HS04 + Hg(riS 04)2 

+ CO T + CO. T + SO 2 1 + SO 3 r 

3. Silver Nitrate. — If silver nitrate is added to a solution of an 
alkali cyanide drop by drop, a precipitate is formed on the adilitioji 
of each drop, which, however, redi-^^solvc.s on stirring the liquid, for 
silver cyanide is soluble in an excess of alkali cyanide; 

CN' + Ag+ AgCN 
AgCN + CN" — [Ag(CN)2]' 
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The complex silver cyanide ion is decomposed by further addition of silver nitrate, 
being finally completely transformed into insoluble silver cyanide: 

[Ag{CN),]- + Ag+ -» 2 AgCN 

Consequently the precipitation is complete only when an excess of silver nitrate is 
added. 

Silver cyanide is insoluble in water and dilute nitric acid, perceptibly soluble in con- 
centrated nitric acid, and readily soluble in ammonia, sodium thiosulfate, and potas* 
sium cyanide solutions. Dilute nitric acid reprecipitates silver cyanide from the 
solution in ammonia or potassium cyanide. 

Concentrated hydrochloric acid decomposes silver cyanide, on warming, into silver 
chloride, with evolution of hydrocyanic acid (difference from silver chloride, bromide, 
or iodide). 

By igniting silver cyanide, there is formed cyanogen gas, metallic silver, and brown, 
difficultly volatile paracyanogen, which, on further heating, is completely volatilized, 
leaving behind pure silver: 

2 AgCN -» 2 Ag + (CN), T 

Much more certain than the silver nitrate test are the tests for hydrocyanic acid 
which depend upon the formation of Prussian blue or of ferric thiocyanate. 

4. Blue Starch-Iodide Solution is decolorized by a trace of alkali 
cyanide and a little sulfuric acid: the iodine unites with the hydro- 
cyanic acid to form cyanogen iodide and hydriodic acid, 

HCN + cm + HI 

The reaction is very sensitive, but many other substances decolorize 
blue iodide of starch. 

5. Copper Acetate and Benzidine Acetate. Colorless benzidine acetate is changed 
to a blue, quinoidul imide by oxidation (cf. pp. 113,134). The oxidation can take 
place by cupric salt in the presence of hj-drocyanic acid: 

Cu(CdIsOi)i + 2 HCN Cu(CN)i + 2 HCiHjOa 
2 Cu(CN)i + 11,0 -» Cuj(CN), + 2 HCN + O 

In a liny porcelain crucible, place 1 drop of the solution to be tested for cyanide, 
add 1 drop of 6 iV .'^ulfuric acid, and cover the crucible tightly with filter paper which 
has been moistened with 1 drop of a mixture of equal parts cupric acetate solution 
a per liter) and benzidine acetate solution (475 ml of saturated, aqueous benzi- 
dine a<;etate solution diluted with 525 ml of water). A blue ring will soon form 
around the spot on the filter paper. .\s little as 0.25 y of CN will give the test. 

0. Copper Sulfide is dissolved by alkali cyanide solution: 

CuS + 4 KCN ^ lUCu(CN)i + K 2 S 

Dissolve about 0.12 g of copper sulfate crj’^stals in 100 ml of water, add 
a few drops of ammonia, and introduce a little hydrogen sulfide. Place 
a drop of the suspension of copper sulfide on filter paper, or a spot plate, 
and add 1 drop of the alkaline solution to be tested. The sulfide will 
dissolve if alkali cyanide is present. 
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Another way of applying the test is to moisten a piece of filter paper 
with an ammoniacal 0.1 per cent copper solution. Just before making 
the test blow a little hydrogen sulfide vapor against the paper so that it is 
colored a uniform yellow-brown. Place 1 drop of the alkaline solution 
to be tested upon the paper, and a white ring will form if cyanide is 
present. This test can be obtained with 1.25 7 of CN. 

7. Ferric Thiocyanate Reaction. — Potassium thiocyanate produces 
a red coloration with a ferric salt, owing to the formation of slightly 
ionized ferric thiocyanate (cf. p. 215): 

3 CNS" -i- Fe+++ Fe(CNS)3 

The cyanide, therefore, must be changed to thiocyanate in order 
to apply this reaction, which can be done by heating with sulfur, 

KCN 4* S ^ KCNS 


or, better, by treatment with an alkaline polysulfide, 

KCN + (NH4)2S:-> (NHi) 2S -f- KCNS 

To the concentrated solution of the cyanide (in a porcelain di.sh) add a little yellow 
ammonium sulfide and evaporate the mixture to dryne.s.s on the water-ljath. Add a 
little hydrochloric acid and a drop of ferric chloride solution; tlie characteristic blood- 
red coloration will l)e produced if only traces of cyanide are present. 

It is necessary to acidify in order to destroy the which would precipitate 

black FejSj with I'eCh and the red coloration would not appear. 

8. Mercurous Nitrate producc.s a gray pn-cipitale of metallic mercury 
when added to a solution of an alkali cyanide (ilifference from a chloride, 

bromide, or iodide): 

+ 2 CN' Hg(CN)2 + Hg 

9. Prussian Blue Reaction. — Prussian blue is formed by the action 
of ferric salts upon potassiiini ferrocyanide (cf. p. 215). 

3 [Fe(CN)cr" + 4 Fo^^ Fe4[Fe(CN)o]3 


In order therefore, to applv this raictioii to p{.ta.s.sium cyanide, etc., it is neocs- 
sary first U> transform the cyanide into p.ita.s«ium ferrocyanide. Thi.< may l.e ac- 
complished by the addition of a ferrous salt, whereby ferrous cyatiide i.s first furmed. 
iJi^u.lvPK in an excc.ss of iwlas-dum cyanide, forming peUas-sium feriocyaiiule: 


I-V+ + 2 ON' -»Fe(CN), 
Fe(CN), + 1 CN" -* (Fe(CN).I“ 


Potassium ferrocyanide is formed even more readily by the action of potas.sium 
cyanide upon ferrous hydroxide: 

Fe(OH)s + 2 CN" -»Fe(CN )2 -j- 2 OH" 

Fe(CN)» + 4 CN" -♦ IFclCNlsJ’' 


For the formation of the pota.s.siutn ferrocyanide a little iron and considerable 
p<.ta8sium cyanide are required. Consequently. U) bring aUmt the reaction, add 
tt little ferrous sulfate U> the alkaline solution of an alkali cyanide and boil the mixture. 
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Thcti add a little hydrochloric acid, whereby a clear solution is obtained, which gives, 
with a Little ferric chloride, the blue precipitate. If only traces of hydrocyanic acid 
are present, the solution appears green at tot, but, after standing some time, “flocks’* 
of I^ussian blue will be precipitated. 

The Prussian blue reaction is used for the detection of nitrogen in organic sub- 
stances (cf. p. 331). 

Remark. — When only a trace of cyanide is present, the Prussian blue seen through 
yellow ferric chloride appears green. If the ferric chloride solution is diluted largely 
to get rid of the 3 'ellow color, the iron is then largely in colloidal solution, as a result 
of the formation of basic salt by hydrolysis; such a solution reacts very slowly with 
ferrocyanide. A more sensitive test for tracer of ferrocyanide is obtained by adding 
a saturated solution of ferrous sulfate. Such a solution always contains enough ferric 
ions to give the Prussian blue test with a trace of ferrocyanide ions. ^Mien more than 
a trace of ferrocyanide is present, however, it is best to test with ferric chloride solu- 
tion as outlined on page 327. 

10. Sodium Nitroprusside Reaction. — If a solution of hydrocyanic 
acid or of an alkali cyanide is treated with a few drops of alkali nitrite 
.solution and then with two or three drops of ferric chloride and just 
enough very dilute sulfuric acid to change the color of the ferric salt 
tliat forms from brown to light j'ellow, then upon heating to the boiling 
point, cooling, and adding enough ammonia to precipitate the excess of 
ferric ion, a filtrate is obtained which will give a violet coloration with 
a few drops of hydrogen sulfide water. The reaction depends upon 
the formation of the nitroprusside ion [Fe(CN)6NOJ which gives a 
reddish violet color with sulfide ions. 


Behavior of Mercuric Cyanide 

Mercuric cyanide, HgCCN)*, is a non-clectrolyte, is quite soluble in water, alcohol, 
and ether, and behaves quite differently from all other cyanides. All the above- 
montioned reactions, with the exception of the ferric thiocyanate test, fail with this 
C'iu;|iouud. Mercuric cyanide solution gives no precipitate wth silver nitrate, but 
:> readily soluble double salt is formed, 

Hg(CN)j • AgNO, • 2 H,0 


Similarly no precipitate is formed with ammonia, potassium iodide, alkali hydroxide, 
or alkali carbonate because all these reagents, under ordinary conditions, give precipi- 
tates of mercuric compounds which are soluble in potassium cyanide. Thus, for 
example, mercuric oxide dissolves easily in potassium cyanide: 

HgO + 2 KCN + H,0 2 KOH + Hg(CN), 


Mercuric oxide itself is fairly soluble in mercuric cyanide: 

/Hg ~ CN 


HgO + Hg(CN),^0 


\Hg - CN 


Hydrochloric, hydrobromic, and hydriodic acid decompose mercuric cyanide 
readily, but dilute sulfuric acid alone has little action upon it. In the presence of a 
soluble chloride, however, mercuric cyanide is decomposed easily by sulfuric acid, or 
even by oxalic acid or tartaric acid. If, therefore, a solution of mercuric cyanide is 
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treated with common salt and dilute sulfuric, oxalic, or tartaric acid, then, on sub- 
jecting the mixture to distillation, a distillate is obtained containing hydrocyanic 
acid which gives all the tests characteristic of this acid. 

Mercuric cyanide in solution is acted upon by hydrogen sulfide or by alkali sulfides, 
forming mercuric sulfide and hydrocyanic acid, or one of its salts. If the black 
precipitate is removed by filtration, the ferric thiocyanate reaction is obtained without 
difficulty: 

Hg(CN): -I- HjS -» HgS -j- 2 HCN 
Behavior of Cyanides on Ignition 

The cyanides of the alkalies and alkaline earths fuse without decomposition when 
heated out of contact with the air; heated in contact with mr, they absorb o.xygen 
with avidity, forming cyanates; 

2 KCN + Oi - 2 KCNO 

Consequently the alkali cyanide-s are strong reducing agents (cf. p. 173). 

The cyanides of the bivalent heavy inetal.s are decomposed on ignition, out of 
contact with the air, into nitrogen and metallic carbide, the latter often being further 
decomposed into metal and carbon: 

3Fe(CN)i-»FeaC + C -|-2(CN)i| + NjT 
Pb(CN);-Pb-b2C+N:T 

The cyanides of the trivalent metals arc unknown in the free state; those of the 
noble metals are decomposed, by igniting, into metal aud dicyanogen: 

2AgCN-»2Ag + (CN):T 
Hg{CN).-.Hg + (CN).T 

It is a characteristic property of the cyanides of the heavy metals that they arc 
readily soluble In alkali cyanide s(»lulion.s, forming very stal)lc complex compoiuuls, 
which are to be regarded a-s salts of the foll<»wing acids: 

H[Ri(CN)iI, IIa[K'"(CN).l and IIdn"(CN),.| 

The first two of the uIkjvc acids are so unstalde that they are decomposed, as 
soon as they are set free, into hydrocyanic acid and cyanide: 

niU(CN)d-HCN +ItCN 
Hj(Il(CN)d -2 IICN -t- IUC.\')j 

Consequently all cyanides which are derived from these acids evolve hydrocyanic 
acid when treated with dilute hydrochloric or sulfuric acid in t he cold. Such com- 
pounds are: 

KlAg(CN)i], K[Au(CN)i), KilNifCN)*]. K^ZiifCNld, KjICd(CN),!, etc. 

These salts mu.st he regarded as complex compounds fp. 27). for their aqueoiLs 
solutions contain almost no heavy mctul ions; they arc not precipitated by caustic 
alkali, alkali carbonate, or ammonia. From this fact it follows tlwd the oxides of 
these metals are soluble in cyanides of the alkalies, forming tl.e following complex 
salts: 

Ag,0 + 1 CN- -b IW - 2 on- + 2 l.\gfCN)d' 

NiO + 4 CN" + n,0 — 2 OH* + [N’ifCNld" 

ZnO + 4 CN' + H:0 ^2 OH" + [ZnfCX),)" 

CdO -b 4 CN* + HsO -*2 OH' -f |Cd(CN)i] 
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Hydrogen sulfide decomposes the silver and cadmium salts without difficulty, 
the zinc salt slightly, and the nickel salt not at all. 

The acids of the general formula H»[Rn^(CN)«] and H<(Rn(CN)6] are, in con- 
trast with the above acids, quite stable in the free state, and can be usually obtained, 
without the loss of hydrocyanic acid, by acidifying a solution of one of their salts 
with cold dilute mineral acid; but, on warming the acid solution, hydrocyanic acid 
is given off. 

As typical representatives of these acids we have ferrocyanic, fenicyanic, and 
cobalticyanic acids.* 

Ferrocyanic and ferricyanic acids will be discussed separately; but before doing 
so a brief description will be given of cyanogen itself. 


• Cobaltocyanic acid is extremely unstable, like mangano- and manganicyanic 
acids. Its salts evolve HCN when treated with cold, dilute, mineral acids. 


Cyanogen 


This compound is obtained by healing the cyanides of the noble metals, as a color- 
less gas with a disagreeable odor; it bums with a reddish flame, and is soluble in 
water (25 parts water dissolve 100 parts of cyanogen ). The aqueous solution cannot 
be kept very long, for brownish flocks separate out little by little (azulmic acid, 
C^HjNiO) and the solution then contaiiis ammonium cyanide, ammonium carbo- 
nate, ammonium oxalate, and urea. 

Just as chlorine acts upon caustic alkalies, forming a chloride and a hypochlorite, 
so cyanogen reacts with them, forming a cyanide and a cyaiiate: 

Clj + 2 KOH - KCI + 11,0 + KOCl 
(CN)j -I- 2 KOII - KCN + H,0 + KOCN 

On conducting hydrogen sulflde into a solution of cyanogen, a red, crystalline 
precipitate of hydrorubianic acid is obtained: (CN )2 4-2 HjS — ► (CriNH:),. 
(Cf. p. 137.) 

DETECTION OF NITROGEN IN ORGANIC SUBSTANCES 

(LAissaigne.) 

If a little nitrogenous, organic substance is placed with some metallic sodium 
in a small glass tube which is closed at one end, and the tube is heated till the gla.>« 
begins to soften, then the nitrogen and some of the carbon of the organic substance 
will combine with sodium to form sodium cyanide. After heating for two minutes, 
plunge the hot end of the glass tube in a little water, wliereby the glass breaks and 
the contents of the tube are immediately wet by water. Filter off the alkaline 
solution containing the sodium cyanide from the residual carbon and glass splinters, 
add a little ferrous sulfate solution, and lx)il. Finally add a few drops of ferric 
chloride solution and enough hydrochloric acid to neutralize the alkiUi. If nitrogen 
was present in the original substance. Prussian blue is now obtained. 

Remark. — Ceriaiti nitrogenous sul)stances are decomposed with evolution of 
nitrogen before the tcmi>eruture required for the cyanide formation U reached.* 
and thus the nitrogen escapes the La.-waigne reaction; in other coses the experi- 
ment fails on account of the extreme volatility of the organic substance, f 

According to E. A. Kehrer.t the Las.suigne reaction always gives positive results 
if the sodium is first heated by itself and then brought in contact with the vupore of 
the organic material. The experiment is carried out in a small tube, drawn out at 
the closed end, such os u.sed for the arsenic test (cf. Fig. 13, p. 154). Place the suIh 
stance in the constricted part of the tube and then, in the wider part, just before (lie 
constriction is reached, introduce a small piece of sodium which has been rolle<l be- 
tween dry fingers and freed from petroleum by touching it to filter paper. Heat (lie 
sodium unta it glows and then, by means of another small flame, heat the substance 


•Grfibe, Der., 17, 1178 (1884). 
t Feist. Ber., 36. 15.59 (1902). 
t Ber., 36,2523 (1902). 
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to be tested so that it melts and the vapors just rise up to the glowing sodium but 
hardly reach through it. By taking away the small flame, the vapors can be made to 
condense and be driven toward the Rowing sodium again. Otherwise, carry out the 
test exactly as described above. 

For the detection of traces of nitrogen it is best not to add any ferric chloride, but 
to add a saturated solution of ferrous sulfate, after adding the acid (cf. p. 328). 

DETECTION OF HYDROCYANIC ACID IN THE PRESENCE OF 
HALOGEN ACID, FERROCYANIC, FERRICYANIC, AND 

THIOCYANIC ACIDS 

Hydrocyanic acid is by far the weakest of all the above acids (cf. p. 16) and it 
alone is expelled from its salts by means of carbonic acid at the temperature of 
boiling water. 

Place the solution to be tested in a small Erlenmeyer flask, add 0.6 to 1 g of NaHCOi, 
and close the flask with a two-hole rubber stopper. Insert through-one of the holes 
in the stopper a piece of glass tubing that reaches nearly to the bottom of the flask 
and serves for the introduction of the carbon dioxide gas; through the other hole 
insert a piece of tubing that reaches only to the bottom of the rubber stopper and 
serves for the escape of the gas. Pass carbon dioxide gas (cf. p. 323), through the 
liquid in the flask, gradually heat to boiling, and conduct the escaping vapors into 
silver nitrate solution which has been acidified with nitric acid. 

If cyanide is present in the original solution, a white precipitate of silver cyanide 
is formed in the silver nitrate solution within a short time. To confirm the test, 
decant otT the solution from the precipitate and wash it a few times by decantation 
with water. Cover the precipitate with a little yellow ammonium sulfide, warm, 
and filter. Evaporate the filtrate to a small volume and treat with a little hydro- 
chloric acid and a few drops of ferric chloride solution. A red color, due to ferric 
thiocyanate, proves the presence of cyanide. 


Ferrocyanic Acid, H4(Fe(CN)6l 

Preparation and Properties. — Fertxjcyanic acid is a white, solid substance, which 
is readily soluble In water and in alcohol; the solution is sufficiently acid to decompose 
carbonates and soon becomes blue on exposure to air os a result of decomposition. 
Oxidation takes place by contact with air, and Prussian blue is formed. The salts 
of this acid are much more stable than the acid itself, being all prepared from the 
potassium salt, the so-called yellow prussiatc of potash. This potassium salt, the 
most important ferrocyanide of commerce, is obtained by the fusion of organic 
substances containing nitrogen and sulfur (blood, etc.) with potash and metallic 
iron, and by lixiviating the product of the fusion with water. 

In the melt, iron sulfide and pota.ssium cyanide are found, which, on treatment 
with water, are changed to pota.ssium ferrocyanide and putas.<inin .sulfide, 

FeS + 6 KCN - K.lFctCNlel + K^S 

and, on evaporating the solution, the former salt separato.s out {with three molecules 
of water of crystallization) in the form of large, yellow, tetragonal octahedrons. 

Recently this salt has been obtainerl a.s a by-jiroduct in the manufacture of illumin- 
ating-gus, Prussian blue and ummoniuin thiocyanate being formed during the puri- 
fication of the gas. 

The following equations will give .some idea of the formation of potassium ferro- 
cyanide in the gas-hon.se: 

1. FerCCNli* + 6 Ca(01I)i - 4 Fe(OH), + 3 Ca:[Fe{CN)*| 

2. Ca,[Fe(CN)6) + 2 KCI K:Ca|Fe^CN)d + CaCl- 

Very rlitfirtjUly s«>(uhl4* 

3. K,Ca(Fe(CX)d + K-CO, - CaCOj + KdFefCN)«i 

Solubility of Ferrocyanidts. — The ferrocyunide.s of the alkalies and alkaline earth.s 
ore soluble in water; but the remaining salt.'s di.<.soIvc witli difficulty (if at all) in 
water and in cold dilute acids. I'licre are many mixed .«alls, some soluble and some 
insoluble, e.g., Ca(.\Tl 4 )s(FcfCN)«l, Mg(N’ll.)dPe(CN)c!, and KjSr[Fc(CN)o|. 
The soluble ferrocyaiiides are yellow when hydrated and colorless when anhydrous. 

Reactions in the Jf et If'ay 

1. Dilute Sulfuric Acid. — Tho fcrrocyanido.s are not decomposed 
by cold sulfuric acid, but br(*ak up at the boiling temperature with evolu- 
tion of hydrocyanic aeid: 

2 K 4 (Fe(CN) 6 ] + G H.S 04 K-,Fe[Fc{CN)6] + G KIISO^ + 6 HCN t 

2. Concentrated Sulfuric Acid decomposes ferrocyanides com- 
pletely, on warming, with evolution of carbon monoxide, which burns 
with a blue flame: 

K4(FL*(f'N)«l + II H,S04 + G H,0 
FeSO. + 4 KlISO, + G NH.HSO, + G (^O t 
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SOj is also liberat€d by this reaction, for a part of the ferrous sulfate is oxidized by 
the sulfuric acid to ferric sulfate: 

2 FeSO, + 2 SOi -> FejfSO*), + SOj T 

3. Silver Nitrate produces a white precipitate of silver ferrocyanide 

[Fe(CN).]— + 4 Ag^- - Ag«[Fe(CN) J 

insoluble in dilute nitric acid and ammonia, but soluble in potassium cyanide solution . 
On treatment with concentrated nitric acid, it is changed to orange silver ferricyanide, 
and is then soluble in ammonia. 

4. Barium Chloride gives no precipitation in dilute solutions. The calcium 
salt is much less soluble. 

5. Carbon Dioxide. — Alkali ferrocyanides are not decomposed in cold, 
aqueous solutions by carbon dioxide, but decomposition takes place if 
carbon dioxide is passed into a hot solution. Solutions of ferrocyanides 
made alkaline with sodium carbonate give no hydrocyanic acid when 
distilled in a stream of carbon dioxide; the same is true if sodium 
bicarbonate is used instead of sodium carbonate in this test. 

6. Cupric and tJranyl salts give brown precipitates, the former in the presence of 
dilute acetic acid. Zinc salts give a white precipitate of KjZmfFeCCNlelj, insoluble 
in dilute acids. This precipitate is easily dissolved by caustic alkali; 

KiZna[Fe(CN)8h + 12 OH" -» 2 [FefCN).]— * + 3 ZnO,"" + 2 K+ + 6 H,0 

By passing COa into the solution, insoluble zinc carbonate is formed. 

To detect ferrocyanic acid in an insoluble ferrocyanide, boil the latter with caustic 
alkali solution; metul hydroxide and a ferrocyanide will be formed. Thus, Prussian 
blue yields insoluble ferric hydroxide and a soluble ferrocyanide: 

FclFeCCN),]* + 12 OH" -» 4 Fe(OH), + 3 [Fe(CN)«r" 

Filter off the insoluble hydroxide, add dilute hydrochloric acid to the filtrate, 
and treat with ferric chloride. Prussian blue is again formed if a ferrocyanide is 
present. 

Prussian blue is often used in wall-papers as a pigment. If it is desired to detect 
the presence of this compound in a wall-paper, cut about 100 sq cm of the paper 
into small pieces, boil them with caustic potash solution, filter, and treat the filtrate 
according to the method just described. In a few hours a distinct blue precipitate 
of Prussiiui blue will be visible in the bottom of the test tube, if it was originally 
present. 

Some insoluble ferrocyanides do not jield the hydroxide of the metal on treat- 
ment with caustic alkali. Thus the brown uranyl ferrocyanide jields insoluble 
yellow pot.-uisiuin uranate and soluble potassium ferrocyanide (cf. Uranium). 

1'he test with normal uranyl acetate solution can be obtained with 1 7 of 
K*re(CN)«. 

7. Ferric Salts produce a precipitate of Prussian blue in neutral or acid solutions 
(cf. p. 215). The test can be obtained with I7 of K* Fe(CN)e. 

8. Ferrous Salts yield a light blue precipitate, which changes to a darker blue on 
exposure to the air (cf. p. 21 1). 

9. Hydrochloric Acid. — If a solution of potassium ferrocyanide, 
which is not too dilute, is treated with hydrochloric acid, the addition of 
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ether causes the separation of solid ferricyanic acid at the zone of contact 
of the ether and aqueous solution. 

10. Lead Salts precipitate white lead ferrocyanide insoluble in dilute 
nitric acid. 

11. Thorium Nitrate added to a slightly acid solution of an alkali 
ferrocyanide produces a white precipitate, difficult to filter (difference 
from ferricyanic and thiocyanic acids). 


Behavior of Ferrocyanides on Ignition 

On being ignited, the ferrocyanides jield iron carbide, cyanide, 
cyanogen, and nitrogen: 

3 K4[Fe(CN)6] 12 KCN + + C + 2 (CN)^ | +N 2 1 

3 Ag 4 [Fe(CN) 6 l ^ 12 Ag + FejC + C + 8 (CN): T + N. f 



FERMCYAinc AciD, H3[Fe(CN)6l 

Anhydrous ferricyaiiic acid, H3[Fe(CN)6], ia a non-volatile, brown, crystalline 
solid readily soluble in water. The solution is brown, and strongly acidic; it is a 
strong oxidizing agent. Its salts, the ferricyanides, are very stable, and are ob- 
tained by oxidation of the corresponding ferrocyanides. The most important of all 
these salts, potassium ferricyanide (red prussiate of potash), ICs[Fe(CN)«], is obtained 
by the oxidation of potassium ferrocyanide \s'ith chlorine: 

2 KdFefCN).] + CU -» 2 KCl + 2 KjfFefCN)*! 

Bromine, hydrogen peroxide, etc., may be used instead of chlorine. 

Solubility of Ferricyanides. — The ferricyanides of the alkalies and alkaline earths, 
and the ferric salt of ferricyanic acid, are soluble in water, but the remaining salts 
are insoluble even in dilute acids. 


Reeictions in the Wet Way 

1 . Dilute Sulfuric Acid evolves no hydrocyanic acid in the cold 
(difference from cyanides), but does so on warming with the acid. 

2 . Concentrated Sulfuric Acid decomposes all ferricyanides, on 
warming, with the formation of sulfates and carbon monoxide: 

ICj[Fe(CN)6] + 11 H2S04 + 6 H2O -> 

FeH (804)3 + 3 KHS04 + 6 NH4HS04 + 6 CO t 

3 . Silver Nitrate produces orange silver ferricyanide: 

[Fe(CN)d"” + 3 Ag+^ Ag3[Fe(CN)a] 

soluble in ammonia, but insoluble in nitric acid. 

4 . Barium Chloride gives no precipitation. 

5 . Behavior of Ferricyanides in Alkaline Solutions. — Ferricyanic 
acid is a strong oxidizing agent in alkaline solutions, being readily 
reduced to fcrrocyanic acid by sulfide, iodide, sulfite, ferrous hydroxide, 
manganous hydroxide, lead oxide, hydrogen peroxide, starch, cellulose 
(paper), etc.; e.g.: 

2[Fe(CN)d'" + H,S“ 2 [FeCCN)*]-" + S + 2H+ 

2 [Fe(CN),l — -H 2 1“ 2 {Fe(CN)d"“ + I* 

2 [Fe(CN)d — -J-SOr' +2 0H--»2 [Fe(CN)d-- + 80*“ + H,0 
2 [Fe(CN)d — -i- PbO + 2 OPI" -» 2 IFe(CN)s]” + PbOs + H,0 
IFo(CN)b 1 — + Fe(OH), -f- OH' -» [FefCN),]-" + Fe(OH), 

2 (Fe(CN),l“— + HjO, -|- 2 Oir -» 2 (Fe(CN)e)” + 2 H,0 -J- 0,T 
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The ferricyaoides are evea reduced by ammonia, forming nitrogen: 

6 [Fe(CN)*r" + 8 NHj ^ 6 lFe(CN)d" + N, f + 6 

On account of this reducibility of ferricyanic acid, it is often difficult, sometimes 
impossible, to detect its presence, particularly in an insoluble compound. If Turn- 
bull’s blue is boiled with caustic potash, the residue will consist of a mixture of ferrous 
and ferric hydroxides, and the solution will contain potassium ferrocyanide. See 
page 211. 

6. Benzidine, CijHio (NH 2 ) 2 , is o.xidizcd by ferricyanic acid with the 
formation of an insoluble, blue meriquinoidal compound (cf. p. 113). 
The test is relialdc in the absence of other oxidizing agents (chromate, 
molybdate, etc.). 

Place 1 drop of the solution to be tested upon a spot plate and add 1 drop of a 
cold, saturated solution of benzidine in 2 N acetic acid. A blue precipitate or color- 
ation will l>e obtained with 1 y of K,Fe(CN)«. If a ferrocyanide is present, this will 
form a white precipitate and require more reagent because benzidine ferrocyanide. 
like benzidine sulfate, is practically insoluble in water. To detect ferricyanidc in 
tlie presence of considerable ferrocyanide, add 1 drop of 1 per cent lead nitrate solu- 
tion to the tc.st drop before additig the benzidine acetate reagent. This forms in- 
soluble lead ferrocyanide and prevents interference. 

7. Carbon Dioxide. — The atpicou.s solutions of ferricyanidcs react 
with carbon dioxide and alkali carbonate in the .same manner as ferro- 
cyanides (p. 334). 

8. Cupric Salts yield green cupric ferricyanidc: 

2 [Fc(CN)cr" + 3 Cu-^ Cu 3 [FeCCN) 6 l 2 

9. Ferric Salts produce no precipitation, but a brown coloration. 

10. Ferrous Salts produce, in neutral and acid solutions, a precipi- 
tate of Turnbull’s blue (cf. p. 211). 

11. Hydrogen Sulfide reduces alkali fenicyanide to alkali ferro- 
cyanide: 

2 [Fe(CN)6r" + HjS 2 [Fc(CN)or" + 2 H+ -h S 

12. Manganous Chloride in concentrated hydrochloric acid i.s 
darkened by ferricyanic acid. This test merely show.s that an oxidizer 

is present. 

1.3. Mercuric Oxide.— The Iwhavior of cyanides U>w«rd suspended, yellow mer- 
curic oxide is very important. /Umrwt all cyanides, simple or complex, with the 
exception of potassium cobalticyanide. arc completely decomposed by this reagent 
Mercuric cyanide and an oxide of the other metal arc formed, and th^e latter, if 
insoluble, may be separated from the mercuric cyanide by filtration. Thus potas- 
Biuro ferrocyanide is decompo.^ed by mercuric oxide as follows: 

KdFe(CN)#] + 3 HgO + 3 H^O Fe(OH)i + 4 KOH + 3 Hg(CN)i 
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Prussian blue as follows: 

Fe,[Fe(CN)«], + 9 HgO + 9 H,0 -* 3 FeCOH), + 4 Fe(OH)8 + 9 HgCCN), 

This decomposition of the cyanides by mercuric oxide is often used in quantitative 
analysis for the separation of metallic cyanides. 

Behavior of Ferricyanides on Ignition 

The ferricyanides are decomposed into iron carbide, cyanide, cyano- 
gen, carbon, and nitrogen: 

6 IC3[Fe(CN)6l 18 KCN + 2 FesC + 10 C + 3 (CN)* + 6 N 2 

By heating a ferricyanide in a closed tube, cyanogen is given off, 
which burns with a reddish flame. 


THIOCYANTC ACID, HCNS 

Thiocyanic acid is found in small amounts, in the form of its sodium salt, in saliva 
and urine. 

The free acid is a colorless, unstable liquid, with a penetrating odor. It freezes 
at 5® and bods at 85°. It is soluble in water and in alcohol. The aqueous solutions 
are about as strongly acidic as hydrochloric acid, the ionization being nearly complete 
in dilute solutions. It can be kept better in aqueous solution than in the anhydrous 
state, but its salts, the thiocyanates, are much more stable than the acid itself. The 
products formed by the decomposition of a concentrated solution of thiocyanic acid 
are hydrocyanic acid, HCN. and yellow perthiocyanic acid, Hi(CNS),S. The 
alkali salts of thiocyanic acid can be prepared from the corresponding cyanides by 
heating with sulfur: 

KCN + S - KCXS 

They may also be prepared by treating hydrocyanic acid or an alkali cyanide with 
An alkali polysalfide at ordinary temperatures, 

KCN + (Nn,):S + KCNS 

or by boiling an alkali thiosulfate solution with an alkali cyanide (cf. p. 114): 

Na,S,0, + KCN - Na^SO, + KCNS 

The easiest way to prepare ammonium thiocyanate is to allow a mixture of 30 ml 
concentrated ammonium hydroxide, 30 ml of alcohol, and 7 ml of carbon disulfide to 
evaporate very slowly on the watcr-bath. First of all, ammonium thiocurbumate 

is formed, 

CSi + 2 NHs -* NIKCSiNH* 

and during the evaporation this loses hydrogen .sulfide: 

Nn,CSjNn-i-»NII,CNS + lIjST 

Solubility — Most tliiocyanutcs are soluble in water; exceptions are the silver, 
mercury, copper, and gold salts. Lead thiocyanate is difficultly soluble in water; 

on boiling with water it is decomposed. 

Reactions in the fP'et Way 

1 DUute Sulfuric Acid (double normal) causes no reaction. 

2. Moderately Concentrated Sulfuric Acid (14-normal) decom- 
poses the thiocyanates, witli evolution of carbonyl sulfide, wliicli burns 

with a blue flame: 

KCNS + 2 H 2 SO 4 + HiO KHSO 4 + (NH4)HS04 + COS T 

3. Concentrated Sulfuric Acid vioic-ntly decomposes thiocyanates 
with evolution of very disagreeably smelling vapors (COS, HCOOH, 

COj, SO2), and deposition of sulfur. 
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4. Silver Nitrate precipitates white, curdy, silver thiocyanate, 

CNS~ + Ag+ AgCNS 

insoluble in dilute nitric acid, soluble in ammonia. 

5. Cobalt Salts. — If a solution containing an alkali thiocyanate 
is treated with a small amount of a cobalt salt, and the solution shaken 
with a mixture of equal parts amyl alcohol and ether, the upper layer 
of alcohol and ether separates out azure-blue in color (cf. p. 240). This 
reaction is analogous to that of cyanic acid upon cobalt salts (cf. p. 360). 

6 . Cupric Salts. — On adding a few drops of a solution containing 
a cupric salt to one of an alkali thiocyanate, the solution is colored 
emerald-green; and, on further addition of the copper solution, black 
cupric thiocyanate is precipitated. If sulfurous acid is added, white 
cuprous thiocyanate is deposited, 

2 Cu++ + SO 3 " + 2 CNS" + H 2 O -> Cu 2 CCNS )2 + 2 H+ + SO 4 " 

insoluble in dilute h 3 'drochloric and sulfuric acids. 

7. Ferric Salts produce a blood-red coloration, due to the forma- 
tion of non-ionizcd ferric thiocyanate, 

3 CNS' -b Fc+++ -> Fe(CNS)3 
very soluble in ether (cf. p. 215). 

The test cannot be obtained satisfactorily in the presence of oxalic acid, tartaric 
acid, other hydroxyorganic acids, phosphoric acid, ferrocyanic acid, and iodides. 
All the>5e, except the last, form complexes with Fe'^'*"'' and prevent the formation of 
Fe(CNS) 3 . Iodides interfere because the iodide ion is oxidized to free iodine by 
ferric ions and the aqueous solution of iodine is red. 

8. Mercuric Chloride gives a precipitate only after long standing. 

9. Mercuric Nitrate precipitates white mercuric thiocyanate, 

Hg^ + 2 CNS" Hg(CNS)2 

very difficultly soluble in water, but readily soluble in an excess of 
potassium thiocj^anate : 

Hg(CNS)2 -h CNS" ^ [Hg(CNS)3l' 

If dry K[Hg(CNS) 3 l is heated, the salt expands greatly (Pharaoh’s 
serpents). 

10. Mercurous Nitrate. — On adding mercurous nitrate drop by drop 
to a fairly concentrated solution of potassium thiocyanate, a gray 
precipitate of metallic mercury is first obtained, and the solution con- 
tains potassium mercuric thiocyanate: 

Hg 2 ++ + 3 CNS" ^ [Hg(CNS)3r + Hg 
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If the addition of mercurous nitrate Is continued until no more mer- 
cury is precipitated, and the solution then filtered, the filtrate will 
contain potassium mercuric thiocyanate; but, on adding still more 
mercurous nitrate, pure white mercurous thiocyanate is precipitated: 

2 [Hg(CNS) 3 ]“ + 3 -> 2 -f 3 Ug.iCmh 

If, on the other hand, a very dilute solution of potassium thio- 
cyanate is added to a very dilute solution of mercurous nitrate, the 
white precipitate of mercurous thiocyanate is obtained directly: 

Hgj-^ + 2 CNS' - Hg,(CNS )2 

11. Nitric Acid, even when dilute, causes decomposition and the 
formation of nitric oxide, carbon dioxide, and sulfuric acid: 

3 CNS~ -b 10 H+ -f 13 NOa" ^ 16 NO t + 3 CO 3 1 + 3 SOi" + 5 HjO 

12. Sodium Azide, NaNs, and Iodine react in the presence of soluble 
and insoluble thiocyanatc.s with liberation of nitrogen gas. 

The reaction 2 NaNj -M: -» 2 Nal + 3 N 3 T take.s place extremely 
slowly, if at all, in the absence of a cataly.st. 

Mix on a spot plate 1 drop of the solution to he tested with 1 drop of a solution ob- 
tained by dissolvitiR 3 K of sodium azide in 100 ml <)f 0.1 A’ iodine solution. The 
evolution of nitrogeti is perceptible if 1.5 y of KCNS is pre.^ent. 

This test is valuable bccau.<c, unlike the ferric chloride test, it can he carried out in 
the presence of iodide. Iodide, however, retards the reaction, and when much is 
pre.sent a drop of mercuric chloride should l)c added l)efore addinR the sodium azido 
reagent; thereby the \UrU - complex is formed. Sulfides and thiosulfates also 
catalyze the reaction between sodium azide and io<line; they can be removed by pre- 
cipitation with mercuric chloride and filtering off the precipitate of inercurn; .sulfide. 

13. Zinc added to an acid solution of a thiocyanate causes the for- 
mation of hydrogen cyanide and hydrogen sulfide. 

Zn + SON" + 3 Zn-*'+ + 11:8 | + HCN t 

srKCIAl^ PltOCKDl'HKS FOK TIIIOCI AN.\ I F 

Detection of Thiocyonalo, in the Presence of IlaUdes ami Cyanide 

First free tlie solution from hydrocyanic acid by adding a little sodium bicnr- 
Ironate, heating to boUing. and passing carixm dioxide gas through the solution unt. 
the escaping gas led into slightly acid silver nitrate solution gives no turbidity of 

silver cyanide. ..11 .. 

After the removal of the l.ydroryanic acid, tot tor thiocyanate, m ihe absence ..f 

wiluk, by acidifying with hydrochloric acid and adding a few drop.s of ferric cldonde. 

d bkoJ-red cokralion rfoaw the premee of IhiocyonoU. The tot cannot lie oh a.ncd 

-aliatactorily in tl.c prcacncc of an iodide bccauac it also will react with feme chloride, 

causing liberation of free iodine. 
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If cn iodide is present, add a little nitric acid to the solution from which the hydro- 
cyanic acid has been expelled, and precipitate the halogens and thiocyanate by the 
addition of an excess of silver nitrate solution. After the precipitate has settled, 
decant off the supernatant solution and wash the precipitate several times by de- 
cantation with water. Then shake the precipitate vigorously with 6-normal am- 
monia solution. This dissolves the chloride and thiocyanate readily, all or a part of 
the bromide, but no appreciable quantity of silver iodide. Filter and add colorless 
ammonium sxilfide to the filtrate. Filter off the silver sulfide precipitate, add a drop 
of sodium carbonate solution, evaporate to small volume, acidify with hydrochloric 
acid, and test for thiocyanate with ferric chloride solution. 

Detection of Halogens in the Presence of Thiocyanate 

Volhard's Method 

Treat the nitric acid solution with an excess of silver solution, filter, and dry the 
precipitate with suction. Transfer the precipitate to a porcelain dish and heat it 
on the water-bath for 45 minutes with concentrated nitric acid. This causes the 
complete decomposition of all the thiocyanate, 

6 AgCNS + 4 HiO + 16 HNO, — 3 AgiS04 -I- 3 (NH4)iSO* -f- 6 CO* t + 16 NO t 

but the silver halides are not attacked appreciably. Dilute, filter, and wash a few 
times with hot water. Reduce the precipitate with zinc and dilute sulfuric acid 
(p. 104), filter, and test this filtrate according to page 321. 

Or, instead of treating the washed silver precipitate with nitric acid, it may be 
boiled with sulfuric acid (1 : 1) until the precipitate becomes black and collects in a 
ball: 

2 AgCNS -I- 2 Il2S0« -1- 3 H-O -» 2 NH 4 HSO 4 + COS f -h CO, t + Ag,S 

Dilute the solution with water, filter off the silver halides and silver sulfide, wash 
with water, reduce with zinc and sulfuric acid, and test for the halogens after boiling 
off the hydrogen sulfide from the last filtrate. 

Heinark. — It is always necessarj’ to destroy the tliiocyanate before reducing with 
zinc and sulfuric acid, because othenvise hydrocyanic acid will be formed: 

2 AgSCN + 3 Zn + 6 H+ 2 Ag + 3 Zn-^ + 2 HCN T -J- 2 H,S T 

Accor<ling to A. W. Hofmann, /rec tliiocyanic acid on being reduced w’ith zinc and 
acid yields u mixture of thioformaldehyde, methylamine, ammonium salt, and hy- 
drogen sulfide. 

Testing Commercial Alkali Thiocyanate for Chloride 

Mann’s Method 

Dissolve 5 g of the alkali thioc 3 ’anate in 20 ml of water and to the solution add 20 g 
of cry.stallized copper sulfate dissolved in 100 ml of water. A black precipitate of 
cupric thiocyanate is formed: 

Cu-*-^ + 2 CNS" CufCNS), 

Pass hydrogen sulfide gas through the solution until the precipitate becomes nearly 
white: 

2 Cu(CNS), + H-S Cu,(CNS), + S + 2 HCNS 

Then, when the supernatant blue copper solution begins to get brown, owing to 
the formation of copper sulfide, stop introducing the hj'drogen sulfide gas and al- 
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low the liquid to stand a few hours. During this time the thiocyanic acid formed 
by the above reaction is acted upon by the copper sulhde present, as follows: 

2 Cu(CNS )2 + 2 CuS -• 2 CuiCCNS)* + 2 S 

FUter and treat the filtrate with sUver nitrate. A white precipitate shows chloride 

to be present. ^ , , , ... 

flemart.- An equally good method is the foUmving: Treat the solu ,on of the 

thiocyanate with an excess of copper sulfate solution and mtroduce snltnr dioxnde 

gas unta the precipitate becomes white cuprous thiocyanate. A low the solut.on 

to stand several hours, thco filter off Ihe cuprous tlnocy.anate, treat the filtrate mth 

nitric acid, and test for cldoriiie with silver nitrate. *Uo 

Instead of sulfurous acid, hydroxylaminc sulfate may !>c used to reduce the cupnc 
solution. 

Detection of Ferro- a,ul FerricyanUIes in ,he Presence of Thiocyanate 

Method of P. E. BnowNiNo anu H. E. Paumek 

Acidify the dilute solution of the alkali salts of these iX 

drochloric acid, avoiding an excess, and add a ^" ’* '*’'* ‘* . solution with finely 

divided thorium ferrocyanidc will Jt.rprecipitatc witl. cold water. 

divided asbestos, or filter paper pulp . • .ririifv tho solution tlius 

f^r r^te .dium hydroxnie t 

obtained, and add a few drops of Icrnc (iiion »i, 

cyanide was present. ,l,„ c,i,,..,te from (ho lluirium fcrrocyanide pre- 

Add cadmium sulfate polution to (he ' | ^ fprricyaiiide. 

cipitate. shake .vith finely ‘^y.-led a>be>lo -^Hil.c^^ 

Wash the precipitate with c..!d«atcr.d .. I ^ulution. The 

the solution with hydrochloric acid, and 

formation of TurnbulVs blue ^/^oa^s Ibe puMuu o, fd.rric*vaiii<le nrccipitnte; a 

Add ferric chloride lo the fillrnri. tin- ea.l.nnnn fe rn,nn,de pree.p.t, t 

blood-red ccloralion wiU he elAaineJ ij - lhi,.ajn„«lc is vree.el. 


IM,avi»r of ThioO'""'" ’ "" 

. .. . .1, wi.ulilv and are colored successively yellow, 

The thiocyanate.s of the alkalies me! • . • (.oolimr. 

brown, green, and finally blue, into sulfi.ie, splitting off 

The thiocyunate.s of the heavy me u > . thiocyanate i.s deeompr)sed 

carbon disulfide, cyanogen, and nitrogen. 

according to fh^fidtawn^ ^uid^- + , CS. t + 3 (CN). t + N. t 

The mercuric thiocyanafee awell rie.nendouriy on heing hen.ed (..hnrnoh'a «r- 
pents). 



COBALUCYAKIC Acm, Ha[Co(CN)eI 

Preparation. — The free acid can be obtained by suspending the lead or copper salt 
in water and saturating the water with hydrogen sulfide gas; the lead or copper 
cobalticyaiiide is changed into less soluble sulfide and, by filtering, an aqueous solu^^ 
tioD of cobalticyanic acid is obtained from which the solid acid deposits upon evapo- 
ration. The free acid may be prepared also by treating the potassium salt with 
nitric acid, evaporating to dryness on the water-bath, and extracting the acid with 
alcohol. After evaporating off the alcohol, needle-shaped hygroscopic crystals 
of H3lCo(CN)d are obtained. 

Properdcs . — Cobalticyanic acid is extremely stable. It is not decomposed by 
boiling with concentrated hydrochloric or nitric acid, by chlorine, or by boiling with 
rigO. By heating with concentrated sulfuric acid, however, it is decomposed with 
evolution of carbon monoxide aud carbon dioxide: 

2H3[Co(CN)«] +8IljSOi + 13 H 2 O -^2 00804+6 (NH4)2SO4 + llC0t +COtt 

Solubility of CobaUicyanidcs, — The alkali, alkaline earth, ferric, and other tri- 
valcnt nictal salts are soluble in water. iVIost of the other salts with bivalent metals 
and with hcav^y metals are insoluble in water and in acids. 


Heaciions in the Wet Way 

1. Dilute Sulfuric Acid. No reaction. 

2. Concentrated Sulfuric Acid decomposes all the salts with evolution of CO and 
COz and format ion of blue, anhydrous cobaltotis salt. 

3. Silver Nitrate produces a white precipitate insoluble in nitric acid but soluble 
in umnionia. 

4. Cadmium Sulfate and Zinc Sulfate give white precipitates insoluble in nitric 
acid but soluble in ammonia. 

0 . Cobaltous Nitrate produces a pink precipitate insoluble in nitric acid but 
soluble in ammonia. 

6. Copper Sulfate produces a light blue precipitate insoluble in nitric acid but 
lorming a blue solution with ammonia. 

7. Ferrous Sulfate produces a white precipitate insoluble in nitric acid. 

5. Lead Acetate, Ferric Chloride, and Mercuric Chloride produce no precipitates. 
9. Nickel Sulfate gives a blue precipitate insoluble in nitric acid but soluble in 

aininonia. 

10. Mercuric Nitrate produces a white, voluminous precipitate insoluble in nitric 
acid. 


Reactions in the Dry Way 

All the salts of cobalt i cyanic acid are decomposed by ignition, leaving cyanide 
and cobalt carbide behind. The alkali and alkaline earth salts color the borax bead 
blue in both the oxidizing and reducing flames. 
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Silver Nitrate produces a precipitate soluble in nitric acid. 
Barium Chloride causes no precipitation. 


Nitrous Acid, HN0> 

Occurrence. — Nitrous acid never occurs except in the form of itssalts, the nitrites. 
It is found in the air as ammonium nitrite and in many soils and waters, particularly 
in those which are contaminated with ammonia or decaying substances. 

Ammonia is oxidized by tlie action of nii(To.>rganisin.s (.Moms mlnjicaus) to 
nitrous acid, which combines with more ammonia to form ammonium nitrite. 

Preparation and Properties of .Wilrous .\ad and /t.s- .SVd/s. - Nitrous ac.< is formed 
by the gentle reduction of nitric acid. If zinc i.s allowed to act upon dilute nitric 
acid for a short time, the latter is reduced to nitrnu> acid, 

Zn + 3 HNOj — ZiifXOji; + UNO; + IIA 

but the reduction can easily bo a little fartl.or, foriuiuR NO Nfl, and N,; rvl.ile 
by long-continued action of the sine. hy.lroxyla,ui..c, MI=OII. or eve. a.u.uon.a ,s 

'T!!!tric acid of density 13 U l.cate.1 wiih ...senio,^ acid, slarol, .'..a a n.ixU,,c 
of nitric oxide and nitr,.gcn dioxide i,s ol.laincl, wind., on coolinB ^ 

dcLscs to a blnisli green liq.iid, N :0., tin. .u.l.y.lridv of .,.lr,.,.s .n-.d " ^ 

is irmtcd with icr^cold water, a l.lnish glee., Ininl.i ,s ' 

nitrous acid, but always in eo..ipa..y will, uilri.’ ae.d; for N.O. uu.lis wafer, 

forming nitrous and nitric acids^ and nitric oxide. 

2 NA + H,0 - UNO^ + UNO, + 2 NO 

At a higher temperature uilrmu, acid is graduidly ehauBcd into ..ilrie acid: 

3 UNO, lINOj + 3 NO + H.O 

. , f • . iriirtvii. In aiiucous solution it exists ils a 

Pure nitrous acid, tlicrefore, is not known. J „b,mt 

fairly strong acid, the ionization constant x'lne • » > 

twenty times as much as acetic acid in n.ndiictci into coi.centralcd 

If a mixture of nitric oxide and nitrogen dioxu c l.^ cm, , 
sulfuric acid, the two gases are readily absoibc-d, fmn.mg mti.^lMilfurK. acid. 

2 llSOi + NO + NO. - H.O + 2 lI(NO)hO, 

This solution of nitrosylsulfuric acid in sulfuric acid is j'. " 

If the solution is added to cold water, sulfuric and nitrous ac ids arc forme . 

H(N0)S04 + n,0 -* HNOj + HeSO, 

A solution of nitrosylsulfuric acid can be kept 

reagent for the immediate production of 'J" tlie free acid, 

The salts of nitrous acid, the nitritc.'<, art m 
and may be obtained by the ignition of nitrate'. 

2 NuNO, -» 2 NaNO: + 

315 
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Nitrites prepared in this way always contain some oxide and some nitrate as im> 
purity.* In order to obtain a pure nitrite, silver nitrite is treated with the calculated 
amount of a metallic chloride: 

AgNOa + Naa -» AgCl + NaNO* 

The soluble nitrite can be separated from the insoluble silver chloride by filtration. 

SoluhiUtij of Nitrites. — All nitrites are soluble in water; silver 
nitrite is difficultly soluble. 

Reactions in the Wet Way 

Since all nitrites are soluble in water, the reactions which serve for 
the detection of this acid cannot be those of precipitation, but rather 
those in which a change of color takes place, owing to an oxidation or 
reduction. 

Nitrous acid sometimes acts as an oxidizing agent, and sometimes 
os a reducing agent. 

1. Dilute Sulfuric Acid decomposes all nitrites in the cold, setting 
free brown vapors: 

NaNO^ + HaSO^ NaHSO* + HNO 2 
3 HNOo -> HNO 3 + 2 NO T + H 2 O 
2 NO + Oi (air) ^ 2 NO- 1 

2. Concentrated Sulfuric Acid reacts exactly the same, but much 
more violently. 

3. Silver Nitrate precipitates from nitrite solutions crystals of 
silver nitrite in the form of needles, which are slightly soluble in cold 
water (300 ml of water dissolves 1 g of silver nitrite at room tempera- 
ture). In boiling water, silver nitrite is considerably more soluble. 

4. Aluminum in the presence of sodium hydroxide reduces nitrite 
solutions to ammonia. A similar reaction takes place with nitrates: 

NOr + 2 A 1 + OH- + H-O 2 AIO-" + NH 3 T 

5. Ammonium chloride, on being added to a boiling solution of a 
nitrite in dilute acetic acid, causes evolution of nitrogen gas: 

mu+ + Nor -H. 2 H-o -h Ns T 

6. Brucine dissolved in concentrated sulfuric acid (according to 
G. Lunge and A. Lwofff) gives no reddish coloration when treated with 
nitrosylsulfuric acid. 


* If the nitrate is heated with a metal, e.g., lead, [the reduction takes place at a 
lower temperature and is almost quantitative. 
fZ. ajigew. Chem., 1894, 345. 
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Dry, recrystallized silver nitrite, containing 70.05 per cent silver (theory 70.09), 
did give with brucine {cf. p. 417), in an atmosphere of carbon dioxide, a weak but 
nevertheless distinct test for nitric acid, probably because of the presence of traces of 
nitrate remaining in the silver nitrite. On dissolving 15 rag of this same nitrite 
in water, adding an equivalent amount of sodium chloride, and diluting to 1 1, a 
solution of sodium nitrite was obtained, of which 1 ml added drop by drop with comtant 
stirring to about 4 ml of concentrated sulfuric acid yielded a solution of nitrosyl- 
sulfuric acid which gave no sign of a red coloration with a drop of brucine reagent. 
The test was immediately obtained, however, on adding a trace of nitric acid to this 
solution. 

Brucine, therefore, is a reagent by which nitric acid can be detected m the pres- 
ence of nitrous acid. 


7. Cobalt Salts produce (with an cxce.-^s of potassium nitrite and 
acetic acid) a yellow crystalline precipitate of potassium cobalti- 

nitrite (cf. p. 244). , . 

8. Diphenylamine, dissolved in concentrated sulfuric acid, is colored 

intensely blue by nitrous acid. Nitric acid and many other oxidizing 
substances, such as selenic acid, chloric acid, fciric chloridt , etc., \\i 

give the same reaction (cf. Nitric Acid). r •. • 

9. Ferrous Salts are oxidized to ferric salts, with evolution of nitric 
oxide: 

Pe-H- + NOr + 2 11+ -* Fe+++ + NO t + HjO 

The nitric oxide dissolves, in the cold, in the excess of 
forming a brown compound of a varying ooini>osition: (FebOri*(iNO)y. 

To obUin this compound, add a little arid to a 
Bulfato and carefully pour the solution to be tested on top. At the zone 

between the two solutions the concentrated 

Nitric acid gives the same rcurtiun, but oni> . ,, , . -.i 

sulfuric acid. Citric or acetic acid funiishes sullieicnt il ions g 

""ja ""Detection of Small Amounts of Nitrous Acid by the Peter Griess Method.- - 
To detect the email amounts of nitrous acid winch ^ ^ ^ 

water, of the above reactions only that of ‘ ^ 

enough. But since hydrogen .solution of potassium 

iodide, it is evident tliat dependence upon this reaction alone ^^ould often lead to 

, I * .t iho r.re«cnre of trare.‘> of nitrous acid we make 
Consequently, ,n order p,,„ Criess, end rvl.icl, ie caused by 

Use of a reaction which was first proposea > i,.t..i,Kclv colored azu- 

nitroua acid only. It depends upon the formation of an mlenscly colored azo- 

" Grieee used an bin reagent pl.enylenedla.niue, nhereby a ydl„» dye, Bia- 


• Ber., 12, 427 (1879). 
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marck brown, is formed. According to the suggestion of Ilosvay v. Uosva,* an 
acetic acid solution of sulfanilic acid and of a^naphtbylamine is used instead. Ao> 
cording to Lunge, t it is best to mix the solutions of the last two reagents. 

The reagent is prepared as follows: 

(a) Dissolve O.o g of sulfanilic acid in 150 ml of 2>Dormal acetic acid. 

(b) Boil 0.2 g of solid a-naphthylamine with 20 ml of water, pour off the color- 
less solution from the bluish violet residue, and add to the colorless solution 150 ml 
of 2-normal acetic acid. 

Mix the two solutions. The mi.vture keeps well only when kept in a dark place. 
It turns reddish if exposed to the light, and cannot be decolorized by shaking with zinc. 

Procedure. — Treat about 50 ml of the water with 2 ml of the above reagent, and 
allow it to stand five or ten minutes; it will be colored a distinct red if a trace of 
nitrous acid is present. 

11. Hydriodic Acid is oxidized by nitrous acid with separation of 
iodine: 

2 r + 2 NOr -f- 4 H+ 2 H 2 O + 2 NO T + I 2 

If, therefore, a nitrite is added to a solution of potassium iodide 
and the solution is acidified with sulfuric or acetic acid, the solution 
becomes yellow, owing to the separation of iodine. If the solution 
is now shaken with chloroform or carbon disulfide, the latter will 
bo colored reddish \iolet. Or, if a little starch paste is added, it wll 
be colored blue bj' the iodine. 

As tho above equ.'ifion shows, hydrogen ions arc required in the reaction. If 
considerable alkali acetate i.s present, there is no separation of iodine on the addition 
of acetic acid, but if a few drops of a strong mineral acid are added, iodine is at once 
set free. Tliis is a good illustration of the mass-action principle (p. 2) and com- 
mon-ion cft'cct (p. 19). 

This exceedingly delicate reaction is also caused by the action of a great many 
other oxidizing agents; and it can l>e used for the detection of nitrous acid only 
when it is known that all .<uch oxidizing substances are absent. 

Since ferric salts also muse liberation of iodine (cf. p. 39) it is evident that nitrous 
acid cannot be tc.sted for by the above test in the presence of a ferric salt. If, how- 
ever, a large excels of sodium phosphate is added to the solution, together with 
a little potassium iodide and some sulfuric acid, no iodine will be liberated by the 
ferric salt and the presence of a trace of nitrous acid may be detected. The ferric 
ions are converted into very' slightly ionized ferric acid phosphate in this test, and 
the concentration of the ferric ions is made so small that there is no appreciable 
reaction with the iodide ions. .\rtmann,t who suggested this procedure, adds 
8 g Na-FIPO, • 12 H 2 O, 0.2 g KI, 5 ml 4-normaI HiSO<, and a little starch solution 
to 100 ml of a solution of tho ferric salt which is to be tested for nitrite. If as much 
:is 0.3 mg of N;Oj is present, the intense blue color will be obtained immediately. 


• Bull. chim. (3) 2, 317. 
t Z. angew. Chemie, 1889, Heft 2.3. 
X Chem., Zlg., 1913, 501. 
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12. Hydrogen Sulfide gives a precipitate of sulfur. This forms 
immediately in acid solutions and ver>' slowly in neutral solutions: 

2 N02- + HsS + 2 -^2 no T + 2 H,0 + S 

13. Indigo Solution is completely decolorized by warming with 
nitrous acid. 

14. Manganous Chloride in concentrated hydrochloric acid is darkened 
by nitrous acid. This test merely shows that an oxidizer is present. 

15. Potassium Permanganate. — If nitrous acid is added to a warm 
(about 40° C) acid solution of potassium permanganate, the latter will 
become decolorized, owing to the oxidation of the former to nitric acid: 

2 MnOr + 5 NOi' + G II-*- 2 + o NOs" + 3 H 2 O 


In this reaction nitrous acid acts as a rediK'ing agent. 

16 Potassium Thiocyanate does not react with a neutral or ^llghtI\ 
acid solution of a nitrite. (3n adding a strong mineral acid, however a 
dark red color is obtained. This color is similar to that produced by 
a ferric salt and thiocyanate and is due to an oxidation of the tluu- 
cyanate. The addition of alcohol, or gently l.oiling, deshoys the color 
produced by nitrous acid; shaking with carbon disulfide removes tl.e 

greater part of the color. . 

17. Resorcinol, CoH.(<)n)=, is u.scful for tlio .lotoctmn of .smii I <iuan- 

tities of nitrous acid dis,solve<l in concc.t.afd sulfur, c uc.d, ll.c 
test is made as follows: 

Take 1 ml of the cccentra.cl .ulfuric ad.l, add jus. a trace of re^orriool, and 
diluu with 5 ml of water. A mere trace of nitroua acd «,ves a yellow color. 

18. Thiourea. CS(NII=)-.., reacts with nitrou.s acid to form nitrogen 
gas and thiocyanic acid: 

IINO 2 + CS(NH.)g - N, T + 

ThU reaction takes place Lest in vcy dilute aclic add .solutiorjs eou- 
taining sodiu.n aeetat... The presence of ml, ate .s uaheated l.y 
formation of the gas and l,y the .-ed color wluel, tl.e resultmg tluoctamc 

acid gives with ferric ions. , • r •. 1 ..... 

19 Urea acts with nitrous acid will, evolution of mtrogen and ca,- 

bon dioxide : 

COCNHi), + 2 UNO. -a 3 H=0 + CO 2 1 + 2 Ni T 

In this reaction the nitrogen of the urea, with its 
of three, is oxidized by tlto niti-ogcn of mtrons ued winch ha a k. - 
tive valence of three. In alkaline solutions f,ye l.alogens w, I ,cacl 
witl. urea, but in acid solutions the reaction with nitrous acd is scnsi- 

live and charactrristic. 



Hydrogen Sulfide (Hydrosulfuric Acid), HsS 


Occurrence and Preparation. — Hydrogen sul6de is found in volcanic regions, in 
many mineral waters (the so-called “ sulfur ” waters), and, in general, wherever 
substances containing sulfur are subject to decay, or when they come in contact with 
decaying substances. Sulfates are easily changed into sulfides by the action of 
microorganisms which are present in the air; this is the reason why many mineral 
waters containing sulfates smelt of hydrogen sulfide after standing some time in 
a corked flask. If, however, the flask and the cork are sterilized, the water can be 
kept indefinitely. The formation of hydrogen sulfide from sulfates takes place as 
follows: 

By means of carbonaceous matter (dust, etc.) the sulfate is reduced with the aid 
of microorganisms, at first to sulfide, 

Na,SO« + 2 C — 2 COj + Na,S 


which is then decomposed by carbonic acid: 

NajS -t- HjCO* — NaaCOi + H,S T 

Just as hydrogen sulfide may be made from sodium sulfate by the action of organic 
matter in a corked flask, so in nature the same process brings about the presence of 
hydrogen sulfide in many mineral waters. 

For laboratory purposes, hydrogen sulfide is prepared by the action of dilute 
sulfuric or hydrochloric acid upon a sulfide, usually iron sulfide, FeS, on account 
of its cheapness and stability; pyrite, FeS,, does not react with dilute mineral acids. 

Properties. — Hydrogen sulfide is a colorless gas, with an odor like that of rotten 
eggs; it is absorbed by water at ordinarj’ temperatures (one volume of water ab- 
sorbs two to three times its o\vn volume). The saturated solution at 25® is approxi- 
mately 0.1 molar = 0.2 normal. The higher the temperature, the less the solubility, 
as with all gases. For the primary ionization: HjS ^ H'*' + HS", the value of the 
ionization constant 


[H*] X [HS-] 
IHjSJ 


= fci is 0.91 X 10-? 


For the secondary ionization, HS~ —* H"*" S , the value of the constant 


Pl^l X (S"] 
IHS-J 


ki is 1.2 X 10-« 


In the saturated solution at 25®, the concentration of the hydrogen ion is about 
0.0 X 10“^ mole per liter and of the simple sulfide ion is only 1.2 X 10““. According 
to the table on page 62, therefore, a saturated solution of hydrogen sulfide should 
react acid to phenolphthaloin but not to methyl orange. 

The solution of hydrogen sulfide becomes turbid on standing in the air as a result 
of its oxidation by atmospheric o.xygen: 


2 HzS -b 0, 2 H,0 -f 2 S 

Hydrogen sulfide bums in the air with a bluish flame to water and sulfur dioxide: 

2 H,S -b 3 O, -* 2 H,0 -b 2 SO, 
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The gas can be condensed to a solid which melts at —83° and the liquid boils at 
-60.2°. 

The salts of hydrosulfuric acid are called sulfides. 

Solubility of Sulfides. —The sulfides of the alkalies and the hydro and polysulfides 
of the alkaline earths are soluble in water. The monosulfides of the alkaline earths, 
particularly calcium sulfide, CaS, are difficultly soluble in water, but they are gradually 
changed by contact with water into soluble hydrosvilfides: 

2 CaS 4- 2 lUO - Ca(OH)i + Ca(SH), 

The remaining sulfides are insoluble in water. Of these latter FeS, Mn^, and 
ZnS are decomposed by dilute hydrochloric acid with evolution of hydrogen sulfide; 
others require concentrated hydrochloric acid, c.g., Sb 2 Sj, SnSi, PbS, NiS, CoS, 
CdS; the remaining are insoluble in concentrated hydrochloric acid, but are all 
soluble in aqua regia with separation of sulfur. 


Reactions in the Jfet Jf ay 

Free hydrogen sulfide, as ha.s been stated, is a very weak acid, being even weaker 
than carbonic acid. The soluble neutral salts. ILS. on l.eing dissolved, ionize into 
metal and sulfide ions, 

R;Spi2R^ +S-- 

but under the influence of water, some of the bivalent sulfur ions are changed to 
univalent HS‘ ions, 

non + S" j=iIIS' + Oil- 

some of the bivalent sulfides ions remain in .solution, and, in fact, more in cotiren- 

trated solutions than in dilute ones. i ott- 

Since, therefore, an uqueou.s .solution of a sulfide (-..ntains both S u"d SH 

ions, while the solution.s of the free arid contain chiefly non-ionized ILb. it is p ain 
why in many reactions the former react in a somewhat different way from the latter. 

1. Dilute Sulfuric Acid d(‘compo.S('s all soluble, and some insohible, 

sulfides, with evolution of hydropcri sulfidf'. 

2. Concentrated Sulfuric Acid dccnmpnsc.s all snlfidf's. on wann- 
ing, with evolution of sulfur dioxide and deposition of sulfur: 

NtkS -}- 2 ri-,S04 Na.SO^ -\- 2 H^O -f* t + S 

But even the sulfur goes ov.-r into .sulfur dioxide after being heated 
with the sulfuric acid for some time: 

2 H;S04 + S -» 2 H->0 + 3 SOi t 

3. Silver Nitrate produces, in .solutions of hydrogen sulfide and of 
soluble sulfides, a black preeii/itate of silver .sulfide, 

2 Ag"^ + — » Ag^S -f- 2 H’*’ 

insoluble in cold nitric acid, in which, however, it dissolves on warm 
ing (cf. p. 102). 

4. Barium Chloride causes no precipitation. 
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5. Lead Salts (best a solution containing an excess of alkali) pro- 
duce a black precipitate of lead sulfide. All sulfides which are decom- 
posed by hydrochloric acid evolve hydrogen sulfide, and this gas, on 
coming in contact with a piece of filter paper moistened with an alka- 
line lead solution, colors the latter black. An insoluble sulfide (pyrite, 
arsenic sulfide, mercuric sulfide, etc.) evolves hydrogen sulfide when 
treated with hydrochloric acid and tin or zinc. 

To test an insoluble sulfide, such as the nuneral pyrite, place a little finely granu- 
lated tin in a test tube, cover it with (^normal hydrochloric acid, and heat gently. 
Hold a piece of filter paper which has been moistened with sodium plumbite solu- 
tion* over the escaping vapors. If it blackens, the tin itself contains a little sulfide 
and cannot be used for the most delicate test. Usually, however, the blackening 
with tin alone is so slight that an allowance can be made for it. Now add a little 
of the substance to be tested and a little more tin. A trace of sulfide will cause 
blackening of the lead acetate paper. 

6. Metallic Silver is blackened by both free hydrogen sulfide and 
soluble sulfides: 

4 Ag -1- 2 H;S + Oz (air) 2 H 2 O + 2 AgsS 
4 Ag + 2 NasS + 2 H 2 O + O 2 (air) 4 NaOH + 2 AgoS 

If oxygen and water are not present, the above reactions will not 
take place. A piece of bright silver suspended for fourteen hours in 
a sulfur spring sliowed no sign of darkening until it had been exposed 
to the air for a short time. 

Absolutely dry hydrogen sulfide, in the presence of absolutely dry 
oxygen, acts upon silver at ordinaiy temperatures only very slowly; 
it acts instantly if a trace of water is present. 

To detect the prc.^cticc of sulfur in insoluble sulfides, fuse with a little caustic soda 
(on tiie cover of a porcelain crucible) to form soluble sodium sulfide: 

NiS -h 2 NaOH — H 2 O + NiO -|- Na-S 

Some sulfate is always formed by this treatment; but the aqueous solution of the 
melt will always contain enough alkali sulfide for any of the above tests. 

7. Methylene Blue. — This reaction (which was recommended by 
Emil Fisherf) is the most sensitive of all reactions for detecting the 
presence of hydrogen sulfide. It is particularly suited for detecting 
the presence of traces of hydrogen sulfide in mineral waters, even 
when all other tests give negative results. 

Treat the solution to be tested for hydrogen sulfide with one-tenth of its volume 
of concentrated hydrochloric acid, add a little dimethylparaphenylenediaminet sul- 

• Lead acetate solution treated t\ith enough sodium hydroxide to dissolve the lead 
hydroxide that forms first. 

t Her., 16. 22^. 

X This may also be called pam-arainodimetbylaniline sulfate. 
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fate, NHj • CtHi ■ N(CHj)j • H 2 SO«, from the point of a knife-blade, stir it into the 
liquid, and when it has dissolved, add one or two drops of a dilute ferric chloride 
solutioQ. 

The formation of methylene blue may be expressed by the followng equation: 

2 [NH, • CtB, ■ N(CH3): ■ HCl! + 6 + S--* 

^ Caij X(CHj) 2^ ^ ^ + 4 H+ -1- Cl' 

■^C.h/ = N(CH,)* 

I 

Cl 

If only 0.02 mg of hydrogen sulfide is present in a liter, the blue color is distinctly 
apparent after half an hour’s standing, while the above tests would give negative 
results. 

If too little hydrochloric acid is present, a red coloration is obtained; this is caused 
by the action of ferric chloride upon a faintly acid solution of dimethyl-/>-phenylene- 
diamiue. If considerable hydrocldoric acid is i)roseat. (he red coloration does not 

appear* 

8. Oxidizing Agents, .such as tlic halogens, nitric acid, cliromatcs, 
permanganates, ferric salts, etc., decompose hydrogen sulfide with 

separation of sulfur. 

9. Sodium Azide, NaNa. aud Iodine react to form sodium iodide 
and nitrogen gas in the prc.scncc of sulfide (cf. [). lUl). The test i.s 
obtained with 0.3 y of alkali .<ulfiilc ami is valuai)lc m the alwncc of 
thiocyanate and thiosulfate. When tln-.sc arc present first remove 
the sulfide by precipitation u.s CMS or ZuS and carry out tlie te.st with 
the well-w'ashcd precipitate; the catalysis lakes pla.-.‘ witli these in- 
soluble sulfides 

2 NaN3 -f- Ta -> 2 Nul + 3 N-: T 

10. Sodium Nitroprusside, Na=(Fe(CX).(NO)] • 2 ILO. i.s c..lorcd 
reddish violet by S" ion.s, but not by SH lon.s. Consetiuently hydro- 
gen sulfide itself does not give- this rea<-tion, .■.xopt upon th.- ad.iil.ou 
of caustic alkali. The reairtion is very .s.-nsitivc, but not so delicate 
as the one with an alkaline solution of a N ad salt. It cun be ol.lamed, 
however, with 1 7 of .sodium sulfide. Th.- confound formed has the 
formula Na 4 [Fe(C;N )3 NtXSl; it may lx* an addition compound or it muy 

(CSh 


contain the anion 


Fe 


/ 


" N 




O 




Behavior of the Suljtdes on tunition 

Most sulfid..8 remain um-l.angea wl.en l.eated out of eontact with 
the air; arsenic and mercuric sulfides sublnnc. 1 l.e polysulfides lose 
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sulfur, which sublimes. The sulfides of gold and platinum lose sulfur, 
leaving the metal behind. All sulfides when heated in the air give off 
sulfur dioxide, which can be recognized by its odor. 

The Detection of Sulfur in Non-Electrolytes is usually effected by heating the sub- 
stance in a glass tube with metallic sodium (cf. p. K>i), and testing the aqueous ex- 
tract of the melt with sodium nitroprusside; or the residue in the tube may be treated 
with dilute hydrochloric acid and the escaping gas tested with lead acetate paper 
for hydrogen sulfide. 

The following method of testing for sulfur is very certain. It depends upon the 
conversion of any sulfur present into sulfate ion which is tested for with barium chlo- 
ride in hydrochloric acid solution. (Cf. p. 433.) The best way of converting the 
sulfur into sulfuric acid is to heat with concentrated nitric acid in a sealed tube 
(Carius method, see Vol. II) or, with difficultly volatile substances low in sulfur, by 
fusion with sodium peroxide in a nickel crucible. Since, however, this last oxidation 
often takes place wth explosive violence, it is best not to use pure sodium peroxide, 
but to mix it with sodium potassium carbonate. Mix the substance (from 0.1 to 5 g 
according to the sulfur content) \vith ten times as much sodium potassium carbonate 
and three times as much sodium peroxide and heat in a nickel crucible, with the cru- 
cible inserted in a disk of asbestos board to keep the flame of the gas away from the 
contents; if this precaution is not taken a little sulfate is obtained from the sulfur 
in the gas. After cooling the melt, dissolve it in water, filter, acidify with hydro- 
chloric acid, aud test the filtrate fur sulfuric acid with barium chloride. 



SULFUR, S 

M. P. 112.8°-119.3". B. P. 444.5* 

Occurrence. — Sulfur is found native in volcanic regions in the form of orthorhombic 
pyramids, and in the neighborhood of sulfur waters, being formed from the oxida- 
tion of some of the hydrogen sulfide which escapes. 

Preparation and Properties. — Like the halogens, sulfur is formed by the oxida- 
tion of its hydrogen compound: 

2 H:S + Oi - 2 H,0 + 2 S 

By heating polysulfides or the sulfides of the noble roetaU (gold and platinum), 

sulfur is also obtained. ...... , . i c j o 

Sulfur exists in at least two liquid form.s S y and S #i (S v is probably Ss, and S a 

is said to be S«) and in three allotropic solid modification.^!; 

1. As Orthorhomlnc Sulfur, with a melting point of 112.8® C, olifained by crj-stal- 
lisation from solutions below 95®. Its den-sity is 2.0G at 0® and it melts to fonn bj. 
The reaction monoclinic S orthorhombic S takes place at %. Above this 

temperature, the monoclinic form is the more stable. _ , . , , .... 

2. As Monoclinic Sulfur, with a melting point of 1 10.3® C, obtained by the solidi- 
fication of molten sulfur. Its density is 1.90, and it melts to form b 7. 

3. As Amorphous Sulfur, obtained by quickly cooling the m..lten sulfur after it 
has become viscous by heating to C. or after it ha.s become u thin liquid after 

heating to a higher temperature. , , , . , i- ic 1 1 

Both of the modifiretioos of sulfur arc aulub Ic ,u carbou du.ullidc and, 

by evaporating the aoUition, the aulfur uhvaya recryslal izes in the form of octa- 

hedrona. Amorphous sulfur i» insoluble iu carbon disulfide. 

Commercial " flowers of sulfur " is a mixture of crystalline and amorphous sulfur. 

and therefore is only partly soluble in carbon disullide. 

If molten monoelinie sulfur, wl.icli can be obtained by crystallization of liquid sul- 
fur at a temperature jitst belmv 120’, Is kept for soine hours at a teiiipcraturc only a 
few degrees above its rnclliiig point, 1 lil.r, and is then cun ed, it soli, lilies at 1H.5 
If moften sulfur is healed, it changes from a mol, lie, yellowMK,u.d to a dark red, 
viscous liquid and reaches a iiaiximiim vi.scnsity at about -00 . At higher te - 
peratures the fluidity increases but the color darken.s and becomes nlmo.st I kick. 
If, at a temperature near the boiling puint, molten sulfur is poured into 

cold water, a soft, ductile, clastic mass is uhtained resemb ing rubber. In a few 
hours it changes into the Ordinary orlhorliuinbic form which is the stable slate at 

'T cheTeaT^havior sulfur is intermediate between oxygen and ^ 

three elements belong in the sixth family of the periodic cl, lasiflcation. The lowrat 
valence of sulfur U shown in hydrogen sulfide (-2) aud the highest sulfuric acid 

' "Sdfur bums in the air to sulfur dioxide, and, in the presence of " eonfact suli- 
stances,” such as platinum, oxide of iron, chromic oxide, e c., it m hurned to siflfur 
trioxide also. Consequently the gas from |.yrites buriiem always eonlams a mixture 

of the two gases. 
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Sulfur is insoluble In water, but soluble in hot caustic alkali, forming a thiosulfate 
and a sulfide: 

6 NaOH + 4 S -» 3 H,0 + NajSiO* + 2 NajS 

By further action of sulfur the Na^S is changed into NajS*. NasSs, ete. 

This reaction is entirely analogous to the formation of hypochlorite and chloride 
by the action of chlorine upon cold dilute caustic alkali : 

2 NaOH + Cl, -» H 2 O + NaOCl + NaCl 

Sulfur dissolves on warming with an alkali sulfide, forming polysulfides: 

NajS + S — ♦ Na,S, 

Na,S + 4 S NaiSi 

Sulfur is also soluble in alkali sulfites, forming a thiosulfate: 

Na,SO, + S -» Na,S20j 

Hot, concentrated nitric acid, bromine and hydrochloric acid, aqua regia and a 
mixture of potassium chlorate and hydrochloric acid gradually attack sulfur, form- 
ing sulfuric acid. 

The following fourteen acids containing sulfur are known in the form 
of salts; those marked ^^'ith an asterisk (*) are unstable and decompose 
when liberated by the action of mineral acid upon one of the salts. 


Hydrosulfuric (hydrogen sulfide) H2S 

Sulfoxjdic* H2S02 

(Hyposulfurous*) Dithionous H2S2O4 

Sulfurous H2S03 

Sulfuric HaSO* 

Pyrosulfuric HjSaO? 

Monoporsulfuric (Caro's acid) HoSOs 

P;'r sulfuric* HjSaOa 

1 hio.sulfuric* £[28203 

I Jithionic H2S206 

Trilhionic H2S30fl 

Tetrathionic H2S4O5 

Peutatliionic H2S50d 

Hexalhionic* HaS^Os 


The acid corresponding to the formula H2S2O4 is correctly named 
hyposu'furou^ acid. When first discovered, the sodium salt was thought 
to be NaHSO:, instead of Na2S204 and it is still called hydrosul^ in the 
trade. The name hyposulfurous acid, however, is unfortunate because 
II2S2O3 has often been given that incorrect name. To avoid these 
difficulties, Ckanical Abstracts now prefers the name dithionous acid. 


ACETIC Acid, hc^HsOs* 

Occurrence. — Acetic acid is found in tho sap of many plants, partly 
free and partly in the form of its potassium or calcium salt. 

Preparation. — It is formed by the dry distillation of wood or by the 
oxidation of alcohol. Vinegar made from cider contains 4 to 5 per 
cent of acetic acid. 

Properties . — Anhydrous acetic acitl (glacial acetic acid) solidifies 
below +16.6° C forming colorless, glistening plates. It has a pene- 
trating odor, similar to that of sulfur dio.\iiie, ami is mi.scible with water, 
alcohol, and ether in every proportion. It boils at 118° C. 

The acjueous solution reacts a.s a weak acid. Ihe ionization con- 
stant at 25° is 1.8 X 10"^; in 0.1-normal solution it is a little over 
one per cent ionized. It is a monobasic acid, and its salts, the acetates, 
are as a i*ulc readily soluble in water; the silver salt is diihcultly solubk*. 

The most important commercial salts of this acid are sodium ace- 
tate and lead acetate (sugar of lead), Pb(C 2 H 30::)2 ■ 3 H:*0. 

Neutral lead acetate dissolvc.s lead oxide with the formation of 
soluble basic salts: 

PI+CsHsO,). + PbO + II.<) 2 

™ ^ - O - PI) - CoH^Oo 

Pb(CaH302)2 + 2 PbO - Pb _ _ pi, _ 

The solutions of the soluble basic lead ucetato.s a.<? well :ls that of neutral lead 
acetate, yield precipitates of lead carbonate when acted ur>nn by carbon dioxide. 
For this reason turbid solutions ate often obtained when ti.ese salts are devolved in 
distilled water, becaa«e the latter ftequei.lly contains carbonic acid. If a drop of 
acetic acid is added to the turbid solution the precipitate dlsapi)eurs at once. 


Hvactions in the If et ff'ay 

Use a solution of sodium acetate for tho following reactions. 

1. Dilute Sulfuric Acid sets acetic acid free from its salts; it is 
quite volatile and can be recognized by its odor. 

2. Concentrated Sulfuric Acid also sets acetic acid free. If alcohol 


•The organic cheiiust writes the symbol for acetic acid thus: CIIjCOOH. In 
Chemical Ab^Urach the symbol Ac Is ased for the acetyl radical, ClIjCO, and acetic 
acid is written AcOII. Some chemists have u-sed the symbol Ac to denote the ueehUe 
anion, CH,CO/. 

:ir,7 
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is added at the same time and the mixture warmed, ethyl acetate is 
formed, 

HC2H3O2 + CsHeOH — > H2O 4 * C2H5 • C2H3O2 


EthvI acetate 


which can be recognized by its pleasant, fruity odor. 

3. Silver Nitrate produces, in fairly concentrated solutions, a white 
crystalline precipitate of silver acetate (100 ml of water dissolves 10.4 g 
at 20“ C and 2.52 g at 80“ C). 

4. Ferric Chloride colors neutral solutions dark brown, and by 
boiling the diluted solution, all the iron is precipitated as basic acetate 
(cf. p. 213). 


5. Lanthanum Nitrate gives with iodine, ammonia, and acetate ions a beautiful, 
dark blue precipitate which is probably due to adsorption of I 2 by basic lanthanum 
acetate. If phosphate or sulfate is present, it is best to remove it by precipitation 
with bariiitn nitrate before applying the following test: 

Place I drop of the solution to be tested on a spot plate and add 1 drop of 5 per cent 
La(NOj)s solution and 1 drop of O.Ol N iodine solution. yVfter a minute add 1 
drop of N NH^OH and allow to stand for a few minutes. A blue or bluish brown 
ring will form around the ammonia drop if 0.05 mg of acetate is present (Feigl). 


6. Lead Oxide, PbO, on being heated witli dihite acetic acid is 
dissolved, and if an excess of the oxide is used, the solution contains 
Ijasic lead acotato and reacts alkaline ; on cooling no crystals are obtained. 

7. Mercurous Nitrate produces a white precipitate of mercurous 
acetate: 

+ 2 C 2 II 3 O 2 " — *-Hg2(C2H302)2 

One gram of tlic acetate dissolves in 133 ml of water at 15®. The 
precipitate is iimcli more soluble in hot water and on cooling it crystal- 
lizes out again, appearing gray because of slight reduction in the neutral 
solution. Mercurous acetate dissolves in an excess of mercurous nitrate 
solution. 


Reactions ifi the Dry Way 

All acetates arc decomposed on ignition, leaving behind either the 
carbonate, oxide, or the metal itself, and with the evolution of com- 
bustible vapors and gases. 

The acetates of the alkalies are decomposed into carbonate and 
acetone: 

2 NaCsHsOj Na.COs -|- (CH3)2CO 

The acetates of the alkaline earths always leave the metal in the 
form of its oxide, while the acetates of the noble metals leave a resi- 
due of the metal itself. 
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Cacodyl Reaction. — If a dry acetate (best an alkali acetate) is 
heated vAth arsenic trioxide, a very repulsive-smelling and extremely 
poisonous gas is formed, called cacodyl oxide: 

4 NaC^HaOo + AS2O3 2 Na.COs -h [(CH3)2As]-.0 T + 2 CO2 1 

In spite of the sensitiveness of this test, it cannot always be relied 
on, for many other organic acids, such as butyric and valerianic acids, 

give similar reactions. 



Cyanic Acid, HCNO 

Preparadon and Properties. — This very unstable acid is obtained by heating its 
polymer, cyaniiric acid, (HCNO)3; it is a colorless liquid with a very penetrating, 
disagreeable odor, which immediately decomposes in aqueous solution, forming 
ammonium bicarbonate: 

HCNO + 2 HjO -» HCO 2 NH, + H,0 -* NH^HCOj 

Carbamic acid 

The salts of cyanic acid, the cyanates, are much more stable than the free acid, 
and may be obtained by the oxidation of cyanides. 

By simply fusing potassium cyanide in the air, perceptible quantities of potassium 
cyanate are formed. If, however, potassium cyanide is he:ited with o.xidizing sub- 
stances, or those which can be readily reduced, it is cosy to change the cyanide com- 
pletely over to cyanate. The cyanates of the alkalies are stable in the dry state, 
but take on moisture from the air and are gradually changed into alkali bicarbonate 
and ammonia: 

KCNO -h 2 H-O -» KHCOj + NH, f 

Solubilily 0 / Cyanates. — The cyanates of the alkalies and alkaline earths are soluble 
ill water. Silver, mercurous, lead, and copper cyanates are insoluble in water. All 
cyanates arc soluble in nitric acid. 


Reactions in the Wet fVay 

Use a freshly prepared, cold solution of potassium cyanate for these reactions. 


1. Dilute Sulfuric Acid immediately sets cyanic acid free, which 
decomposes into ammonium salt and carbon dioxide: 


CNO" -f- ^ HCNO; HCNO + 2 H 3 O -> NH 4 + + HCOa" 

HCOa' + H+ H.O + CO. T 


Consequently a .strong evolution of carbon dioxide takes place on 
adding be sulfuric acid. The carbon dioxide ahvaj's contains small 
amounts of uudecoinposed cyanic acid, which is recognizable by its 
very penetrating odor. The solution will contain ammonium sulfate; 
if it is warmed with caustic soda, ammonia will be given off. 

2. Concentrated Sulfuric Acid reacts similarly. 

3. Silver Nitrate precipitates white, curdy silver cyanate, 

KCNO + AgNOs -» KNO 3 + AgCNO 


soluble in ammonia and in nitric acid (difference from silver cyanide). 

4. Barium Chloride produces no precipitation. 

5. Cobalt Acetate is colored azure blue by a solution of piotassiuin 
cyanate. The blue potassium cobaltocyanate, K 2 [Co(CNO) 4 ], dis- 
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covered by Blomstrand,* is formed by this reaction, and is obtained 
in the form of tetragonal crystals. 

This blue compouad dissolves in water with a blue color. If, however, it is sub- 
jected to the action of considerable water, the color disappears, the double salt 
being dissociated into its components: 

Ki[Co(CNO)«l Co(CNO)i + 2 KCNO 

If more potassium cyanate is added to the solution, which has become colorless, 
the blue color reappears. The same result is reached by adding alcohol. 

DETECTION OF CYAN.4TE IN THE PRESENCE OF CYANIDE 

Almost all commercial potassium cyanide contains some cyanate. In order to 
detect the presence of cyanate in the commercial salt, the cyanide must first be 
expelled, for the <«balt test does not take place in the presence of cyanide. 

According to E. A. Schneider,! the test is made as follows: 

Dissolve 3 to 5 g of the potassium cyanide in 30 to oO ml of cold water and pass 
carbon dioxide into the solution for GO to 90 minutes; the hydrocyanic acid is expelled, 
and potassium bicarbonate is formed, while the potassium cyanate is not affected 
perceptibly : 

KCN -I- H;CO, -* HCN T + KHCO, 

Take 1 ml of the solution, add 25 ml of absolute alcohol (to precipitate potassium 
bicarbonate), and filter. Treat the alcoholic filtrate with a few drops of acetic 
acid and then add a few drops of alcoholic cobalt acetate solution. 

If the original cyanide contained 0..5 per cent of potassium cyanate, the blue color 
can be distinctly recognized, but alkali thiocyanates give the same reaction. 


• prakt. Chem., |2J, 3, 20t). 
t Bc-r., 1896, p. 1540. 



hypophosphorous Acid, H8PO2 

Preparation and Properties. — Hypophosphorous acid is obtamed by the decom- 
position of its barium salt with sulfuric acid, or of its calcium salt with oxalic acid. 
It is a sirup in concentrated solutions, and, like phosphorous acid, is changed on 
heating out of contact ^yith the air into phosphoric acid and spontaneously inflam- 
mable phosphine gas. The acid is monobasic, and is a moderately strong acid 
although only one of the hydrogen atoms is replaceable by metals. The structural 

/OH 

formula 0=P— H is usually assigned to hypophosphorous acid, and the assump- 

tion is made that only the hydrogen atom that is attached to oxygen is replaceable. 
The phosphorus atom is positive toward oxygen and negative toward the hydrogen 
atoms attached to it; this gives to the phosphorus atom a polarity (sum of the positive 
and negative valences) of -hi. Sodium hypophosphite, NaHiPO,, is an excellent 
reducing agent. It reduces stannic chloride, palladium salts, iodates, and tellurites 
under suitable conditions. The salts of hypophosphorous acid are obtained by 
boiling phosphorus with dilute alkali, whereby phosphine is given off: 

2 P4 -h 3 Ba(OH)2 + 6 HiO -> 3 Ba(H,PO*), 2 PHa t 
P* -h 3 KOII -h 3 HiO -» 3 K(H,PO,) -f- PH, T 

The phosphine thus obtained is spontaneously combustible owing to the presence 
of small quantities of liquid phosphine, PjH,; it is, however, mixed with considerable 
hydrogen because the alkali reacts upon the alkali hypophosphite with evolution of 
hyilrogeti. See 5. page 3G3. 

Solubilitij of fli/pophosphitea. — All hj'pophosphites are soluble in water. 

Reactions in the Wet Way 

1. Dilute Sulfuric Acid. — No reaction. 

2. Concentrated Sulfuric Acid reacts tvnth hypophosphites only on 
warming, and is reduced to sulfur dioxide, which can be recognized 
by its odor. 

3. Silver Nitrate gives white silver phosphite which, even at room 
temperature, is r(!duced to metallic silver, sometimes with and some- 
times without the evolution of hydrogen, according to the relative 
amounts of the substances reacting: 

2 HaPOr + 2 Ag+ + 4 H.O 2 H^PO^ + 2 Ag + 3 T 

H-jPOr -h 4 Ag+ -h 2 HaO ^ HsPO* + 4 Ag -f 3 H+ 

4. Ammonium Molybdate and a few drops of sulfurous acid solution 

give a dark blue precipitate or a blue color. This very sensitive re- 

action is hindered by the presence of hydrogen sulfide, thiosulfate, 
chlorate and stannous chloride. 
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5. Concentrated Alkali Hydroxide. — By boiling with concentrated 
caustic alkali, the hypophosphites are oxidized, with evolution of 
hydrogen, to phosphates: 

HaPOr + 2 OH" -> por"" 4- 2 Ha T 

6. Barium Chloride, Calcium Chloride, and Lead Acetate cause no 
precipitation. 

7. Copper,* Mercury, and Gold Salts are reduced to metal. 

8. Mercuric Chloride added in excess to a hot solution causes pre- 
cipitation of mercurous chloride: 

4 HgCla + HaPOa" + 2 HaO ^ 2 HgaCb + 3 H+ -h H 3 PO 4 + 4 Cl" 

9. Zinc in dilute sulfuric acid solution reduces hypophosphorous 
acid to phosphine (see Phosphorous Acid). 

in the Dry ff ay 

By ignition phosphate and piiosphine are obtained. 

2 HaPOa HaPO^ + PH 3 ] 

4 NallaPOa NaiPaO; + HaO T + 2 PH 3 T 
2 Ca(HaPOa )2 -> CaaPjO; + HaO I + 2 PH 3 T 

• With copper tlie reduction muy go so far that copper hydride is formed. Cf. 
Wurtz, Compl, rend., 18, 102. 



Hydrazoic Acid, HNa 


Properties. — Hydrazoic acid is a colorless, mobile liquid with an odor like that 
of phosphine. Its constitution may be represented by the formula 

H - N - N 

Its vapors attack the mucous membrane, and they explode violently when brought in 
contact with a flame. The aqueous solution is colorless, and the acid is of approxi* 
mately the same strength as acetic acid, having the ionization constant 1.9 X 10"* 
at 25®. The salts of this acid are called azides. Moreover, just as chlorine can be 
made to replace the OH group of an organic acid to form an acid chloride, similarly 
the azide group may be introduced instead of the OH of the carboxyl radical, form- 
ing organic azides. 

Hydrazoic acid and all the azides are more or less explosive so that work >vith them 
is not unattended with danger. On heating, or by percussion, very violent ex- 
plosions are obtained. 

Hydrazoic acid dissolves metals with the formation of azides and evolution of 
hydrogen. 

2 HXj + Zn(N,), -|- FI, T 

but a part of the hydrazoic acid is reduced to hydrazine, NHj*NHj, and ammonia: 

3 Zn -b 7 HXj 3 ZnCN,), + XH, T + N:H* 

Other reducing agents accomplish this formation of ammonia and hydrazine. P\im- 
ing hydriodic .acid causes the formation of nitrogen, ammonia, and iodine: 

HX, -H 2 HI -» X, T + NH. -1- I, 

Most azides arc soluble in water. 

O-xidizing agents, esi)ecially iodine, cause the formation of nitrogen gas: 

2 HX, 4- I, 2 HI + 3 X, t 

Ceric salts are well suited to cause decomposition of hydrazoic acid; cerous salts and 
nitrogen are obtained. 


Reactions in tiie Wet Way 

1. Silver Nitrate in neutral solution gives a white precipitate of 
silver azide: 

Ag;+ + N3' AgNs 

The precipitate resembles silver chloride in appearance but it is soluble 
in dilute nitric acid. 

2. Mercurous Nitrate and Lead Nitrate cause similar azides to 
precipitate. 

3. Ferric Chloride gives a characteristic red coloration. 
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Silver Nitrate produces a white precipitate, soluble in nitric acid. 
Barium Chloride does the same. 


SULFUROUS Acid, HiSOa 

Occurrence and Preparation. — Salim dioxide, the anhydride of sulfurous acid, 
is found in the exhalations of active volcanoes, and is forii»ed by the combustion of 
sulfur or sulBdcs in the air, 

S + Oi ^ SO: T 

4 FeSi + 11 Oi -* 2 Fe..Oj + 8 SO; T 

or by the reduction of sulfuric acid on heating with sulfur, sulfides, carbon, organic 
substances, and metals: 

2 II 2 SO 4 + S 2 H,0 + 3 SO 2 T 
2 H:RO, + C ^ 2 n,.0 + CO. T + 2 SO: I 
2 HjSO* + Cu -> 2 JI.0 -t- CuSOt + SO; T 

Mercury, silver, tin, etc., act the same u.s copticr. Sulfur dioxide is also formed by 
the decomposition of sulfites and thiosulfates with stronger aci.ls: 

NajSO: + II:SO« -» Na2SO< + H:0 4- SO: T 
NaiS:0, + riiSO^ — NaiSO. + S + HjO + SO: T 

Sulfurous acid may be prepared for laboratory purposes l>y placing a con^ntratod 
solution of sodium bisulfite in a Hask and alhiwing conircntratcd .<ulfunc acid to drop 
upon it. A steadv stream of sulfur ilioxidc will lie evolved without warming. 

PropcrlicH. - Sulfur dioxide is a cnlorle.ss gas, having the penetrating odor peculiar 
to burning sulfur, and is readily soluble in water aial alcohol: 1 vdurne of water at 
15" C dissolves 4.5.:J0 volumes of SO:; 1 volume of alcohol at !■> C dissolves IK. 

The aqueous solution contains molecules of SO:, SOi-G n20, and a small quantity 
of sulfurous acid, H:SOj. The acid cannot be isolated, as it decomposc.s on evapora- 
tion into water and sulfur dioxide; consequently the free acid is known only m aqueou.s 
solution. It is an acid of moderate strcngtli liaving an ionization constant of 
1.7 X 10-^ for the primary- ionization and of lO"^ for the secondary ionization. Dy 
neutralization of this solution with alkali hydroxides or carbonate-s, the comparative y 
stable sulfites are obtained. In Mion, sulfite, arc graduaUy oxidized to sulfates by 
dissolved oxygen. Sulfurous acid is a good reducing agent. 

Solubility of Sulfites. -The sulfites of the alkalies are readily soluble in water; 
the remaining sulfites are diiticuUly soluble or insoluble in water, but all are soluble 

in bydroohioric acid. 

Reactions in the Wet Way 

1. Dilute Sulfuric Acid evolves sulfur dioxide, in the cold, from all 

sulfites, the gas being ea.sily recognized by its odor. 
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REACTIONS OF THE ACID CONSTITUENTS 


2. Concentrated Sulfuric Acid reacts in the same way, but much 
more energetically. 

3. Silver Nitrate produces, in neutral solutions of sulfites or in an 
aqueous solution of sulfurous acid, a white crystalline precipitate of 
silver sulfite, 

SO3 + 2 Agf** — y Ag2S03 

soluble in an excess of alkali sulfite, forming sodium argentisulfite: 

AgiSOa + NajSOs ^ 2 NaiAgSOs) 

By boiling this solution the silver is precipitated as a gray metal: 

2 [AgSOa]' -> SOr" + SO 2 T + 2 Ag 

If water containing silver sulfite in suspension is boiled, half the 
silver is reduced to metal, the other half going into solution as sulfate: 

2 AgsSOs — ♦ AgsSO^ -|- SO 2 1 "b 2 Ag 

Silver sulfite is soluble in ammonia and in nitric acid. 

4. Barium Chloride produces no precipitation in an aqueous solu- 
tion of sulfurous acid, but in neutral sulfite solutions white barium 
sulfite is precipitated, 

SO 3 "' + Ba++— >BaS 03 

readily soluble in cold, dilute nitric acid. By boiling the solution, 
barium sulfate is formed slowly and separates out. Since sulfites in 
aqueous solution gradually change to sulfates, commercial sulfites 
usually contain sulfate. In this case the precipitate produced by 
barium chloride in acid solution is barium sulfate, w'hich is insoluble 
in dilute nitric or hydrochloric acid. If the barium sulfate is filtered 
oil and tlio filtrate is treated with chlorine or bromine water, another 
white preoipita ■ of barium sulfate is formed, provided a sulfite was 
originally presei • ; 

SO," + 'Ij + Ba’^^ + HoO 2 H+ + 2 a' H- BaSO* 

5. Chromic Acu’. is reduced to green chromic salt: 

2 CrOr' + 3 + 10 H+->2 Ci^ + 3 SOr" + 5 HjO 

6. Gold Solutions are reduced to free metal. 

7. Hydrogen Sulfide decomposes sulfurous acid in dilute solutions. 
The principal reaction may be expressed by the equation: 

USO 3 + 2 H.S 3 H 2 O + 3 S 

but pentathionic acid, H 2 S 5 O 6 , and possibly other thionic acids, may 
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be formed at the same time: 

5 H2SO3 + 5 HoS ^ H2S5O6 + 9 HeO + 5 S 

8. Iodine Solution is decolorized by sulfuroiis acid: 

soa'^ + HoO + I 2 ^ 2 H+ + 2 r + sor" 

Chlonne or Ijroraine water causes a similar reaction. 

9. Lead Salts precipitate wliite lead sulfite, soluble in cold dilute 
nitric acid; but on boilirifj the solution lead sulfate is precipitated. 

10. Malachite Green Ls decolorized by sulfites. Place 1 drop of a 
solution containiuf^ 10 nig of the dyestuff in 500 ml of water on a spot 
plate and mix with 1 drop of the neutral .solution to be tested. If I7 of 

SO2 is present, decolorization takes place. 

11. Mercuric Chloride is unaffected by sulfurous acid at ordinary 
temperatures; but, on boiling, it is reduced to mercurous chloride, 

2 HgCb + SOa" + H->0 -> 2 H+ + 2 CP + SO," + Hg,CP 

and on adding more sulfurous acid, the mercurous salt is reduced to 
gray metallic mercury. 

12. Mercurous Nitrate is immediately acted upon by free sulfurous 
acid and by alkali sulfite solutions, with the formation of a black pre- 
cipitate. 

13. Acid Potassium Permanganate Solution is also decolorized; 
sulfuric and ditbionic acids are formed in varying amounts accord- 
ing to the temiK'rature and concentration. 

Under certain conditions the reaction can take place according to 

the following eciuation: 

2 MnOi" + (1 SOj'" + 8 II+— ^2 Mn++ + 4 SO*" + + 4 IPO 

Under other conditions, however, the sulfurous acid can be com- 
pletely oxidized to sulfuric acid. Con.scqucntly, sulfurous acid cannot 
Ikj determined by means of potassium permanganate. 

14. Sodium Nitroprusside and Zinc Sulfate. — If a neutral sulfite 
solution is treated with a dilute solution of sodium nitropru.sside, a 
faint pink coloration is [)r.jdiiced. If, however, considerable zinc sul- 
fate is added, the coloration becomes a distinct red. The r(‘action is 
still more sensitive if a little potassium ferrocyanide Is added, a red 
precipitate being formed (difference from tbiosulfunc acid). This 
reaction, although very delicate, is not so reliable as the precipitation 
with strontium chloride. 

15. Strontium and Calcium Salts behave similarly to the barium 
salt. 
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The sulfites of the alkaline earths vary in their solubilities in siil- 
furous acid and in water. Calcium sulfite readily dissolves in an excess 
of sulfurous acid, forming calcium bisulfite: 

CaSOa HzSOs — * Ca(HS03)2 

On boiling this solution, sulfur dioxide escapes, and calcium sulfite is 
reprecipitated. The strontium salt also dissolves in sulfurous acid, 
but more diflBcultly; the barium salt is practically insoluble in sulfurous 
acid. 


SOLUBIUTY OF TOB A LK ALIKE EaRTH SuLFITBS IK WaTER 

One gram calcium sulfite dissolves in 800 ml water at 18® C. 

One gram strontium sulfite dissolves in 30,000 ml water at 18® C- 

One gram barium sulfite dissolves in 40,000 ml water at 18® C. 

Advantage is taken of the difficult solubility of strontium sulfite 
in detecting sulfurous acid in the presence of thiosulfuric acid (which 
see). 

16 . Zinc, in dilute hydrochloric acid solution, reduces sulfurous acid 
to hydrogen sulfide, which can be recognized by its odor and by its 
turning load acetate paper black. Zinc and aqueous sulfurous acid 
also react to form hydrosulfurous acid, H2S2O4, a very strong reduc- 
ing agent: 

Zn + 2 SOs*' + 6 H+ ^ Zn++ + H2S2O4 + 2 H2O 


Reactions in the Dry Way 

The sulfites of the alkalies, when heated out of contact with the 
air, are changed to sulfate and sulfide: 

4 Na^SOa 3 Na2S04 + NajS 

By heating an alkali sulfite in the closed tube this reaction takes 
place, and there is 110 sublimate of sulfur (difference from thiosulfates). 
If the molt is treated witli hydrochloric acid after cooling, hydrogen 
sulfide is given olY froc'ly. 

Tlie remaining sulfites are changed, on being heated out of contact 
with the air, into sulfur dioxide and oxide or metal: 

CaSOa CaO -|- SO2 T 
2 Ag,S 03 ^ 4 Ag + 2 SO2 t + O2 T 

If a sulfite is heated witli sodium carbonate on charcoal, sodium 
sulfide is formed. If the melt is placed upon a bright silver coin and 
moistened with water, the silver is blackened, owing to the formation 
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of black silver sulfide (hepar reaction) : 

2 NasSOs + 3C-»3C02 T + 2 Na^S 
2 Na-iS + 4 Ag + 2 H.O + 0-. 4 NaOH + 2 AgjS 

This hepar reaction takes place with all sulfur compounds, and 
therefore shows simply the presence of sulfur. The oxygen required 
in the above reaction is obtained from the atmosphere. 



Carbonic Acm, HaCOa 


Occurrence. — Like sulfurous add, pure carbonic acid does not east; it is known 
only in aqueous solution. Its anhydride, CO 2 , is formed by the combustion of carbon 
and of carbonaceous matter of all kinds, and is found therefore very widely distributed 
in nature (in smaU amounts in the atmosphere, and in enormous amounts in volcanic 
regions, streaming out from fissures in the earth). Carbon dioxide occurs also in 
many mineral waters, and (in the liquid state) is found enclosed in quartz, feldspar, 
etc. As carbonate it exists in enormous quantities as limestone, marble, aragonite, 
dolomite, etc. 

Pure air contains 0.035-0.040 per cent of COj. In dwelling places the amount 
increases considerably, owing to breathing and other forms of combustion. If 3 
or 4 per cent is present, as sometimes in mines, breathing becomes difficult, and the 
miner’s lamp begins to burn faintly. 

Properties. — Carbon dioxide is a colorless, odorless, slightly acid-tasting gas, 
with density 1.52. Being, therefore, one and one-half times as heavy as air, it can 
be poured from one vessel into another. Carbon dioxide does not support combus- 
tion; a burning candle goes out in air containing 8 to 10 per cent of this gas.* 

Carbon dioxide gas is not very soluble in water. At 15® and 760 mm pressure, 
1 1 of water dissolves its own volume of gas. At higher temperatures it is less soluble 
and it is easy to expel carbon dioxide from a solution. In the aqueous solution, the 
following equilibria exist 

COi + HjO ^ H=CO, ?=! H+ + HCO*‘ 

HCOs" iri -(- COa" 

The ionization constant for the primary ionization of carbonic acid is O.OeS, and for 
tltc sccotulary ionization it is 0.0ic5. According to these values, the primary ioniza- 
tion of carbonic acid take-- place to about 0.1 per cent and there is present in a liter 
of saturatcxl ca'^b -u dioxide solution at 15® only about 0.0006 mole of hydrogen 
ions. The secondary ionization, upon winch the quantity of CO* ions present 
(lepptids, takes place only to a negligible extent. 

V. lien a strong acid is added to the solution, even the primar>’ ionization of car- 
bonic acid is repressed .almost completely. Similarlj’, when hydrogen ions are 
added to a pari>on;ite, carbon dioxide is formed, even with acetic acid, and the carbon 
dioxide is easily expelled by heating. Hydrocyanic acid, hydrogen sulfide, and boric 
acid are the only common acids that do not decompose carbonates. 

The salts of carbonic acid, the carbonates, are formed: 

1. By passing carbon dioxide gas into a solution of a metallic hydroxide: 

2 NaOH -i- CO 2 -V HiO + Na^CO* 

Ba(OH), -f COj HiO BaCO, 


* Carbon dioxide not only fails to support combustion, but it tends to prevent it — 
hence its use in fire extinguishers. Being formed by the combustion of carbon, it 
will tend to stop the reaction much better than an inert gas, as the mass-action 
principle shows. 
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2. By the action of carbon dioxide upon cyanides, suIBdes, and borates of the 
alkalies and alkaline eartlis. 

3. By the ignition of alkali salts of organic acids (cf. pp. 283, 358). 

An illustration of the preparation of large amounts of carbonate is the production 
of potash by burning parts of plants (wood, for example, or the residue from the 
manufacture of beet sugar, which is particularly rich in potassium salts). 

Solubility of Carbonates. — Of the normal carbonates, only those of the alkalies are 
soluble in water; and tlieir aqueous solutions react alkaline, owing to hydrolytic 
decomposition: 

NajCO, + H.O i=i 2 Na^ + OH’ + HCOj" 

The aqueous solution of the carlM)nates of the alkalies, therefore, behaves as if 
it were a solution of caustic allodi and alkali bicarbonate. 

Many carbonates dissolve in an exces.s of carl>onic acid, forming bicarbonate.s, 
particularly the alkaline eartii carbonates: 

CaCOj + n,COj — Cu(HCO ,)2 

A solution of calcium bicarbonate on boiling is decompo.sed into water and carbon 
dioxide, and calciutn carbonate is reprecii)ituted: 

Ca{IICOi )2 -> 11:0 + COi t + CaCO, 

Nearly all samples of drinking water contain calciutn or magnesium bicarbonate; 
they become turbid, tlierefore, on boiling (Imilcr .scale). Dilute, cold mineral acids 
decompose all carbonalas with cfferve.-»cence («lue to evolution of carbon dioxide gas). 

The native carl>onate.s of magne.sium and irott (magnesite, siderite, and dolotnite) 
do not effervesce if a lump of the mineral is tieatcd with cold dilute mineral acids, 
but when reduced to a fine powder they are more readily acted upon; on warming, 
all carbonates dissolve readily in acid. 


Hcacliantt in the If et If ay 

1. Dilute Sulfuric Acid d(‘Compo.s(‘.s all carbonates with efferve.s- 
cence; except with magne.sito, siderite, and dolomite, the reaction 

takes place in the cold. 

Since the atmosphere always contains carbon dioxide gits, particularly in a labora- 
tory where many ga.H flames are l>urning, con.siderable caution is neccs.sary in testing 
for a email quantity of carbonic acid. In the first place, if the sub-stance docs not 
effervesce with acid, there is no need to iirnke the tost. Moreover, carbon diox- 
ide is odorless, and it is absurd b> think that efferve.scem-e imphas the presence of a 
carbonate when the escaping gu-s ha.s tl.c cxlor of hydrogen sulf.de or sulfur dioxide 
A simple method of testing is a.s follows: Muec about 1 g of tl.e powdered solid 
in a test tube, cover it with alaiUt 10 ml of water, and boil for about a minute, i his 
serves to expel the air from the substance and from tlie water. Add a little (>-nori.ud 
hydrochloric acid, and watch cl.>sely te .sec if there is any sign of effervc-secnce. If 
there is effervescence notice whether tl.e ft.scup.iig gas has any odor. Dip two stirring 
rods into barium hydroxide solution, place one of the rods between the second and 
third finger and the other lietwceii the third and fourth and hold one of the rods inside 
the test tube, without touching the sides, and the other rod outsi.le If a carbonate 
is present, the barium hydroxide on the rod inside the test tube will become turbid 
faster than that on the rod held in the air. This test is of no va uc. however, m the 
presence of u sulfite, which will also cuu.se barium hydroxide to become turbid. 
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The above test naturally fails to detect traces of carbonate with certainty, but 
it is satisfactory for all ordinary work except when a sulfite is present. To detect 
traces of carbonate, even in the presence of a sulfite, the following procedure is 
useful. Fit a lOO-ml flask with a rubber stopper containing two holes. Through 
one hole insert a small dropping funnel so that it reaches nearly to the bottom of 
the flask. Through the other hole insert a right-angled glass tube which serves to 
lead the escaping gas to a second flask, containing about 5 g of chromic acid an- 
hydride, CrOs, dissolved in a little water and 25 nol of 6-normal sulfuric acid. This 
will serve to oxidize any sulfurous acid or hydrogen sulfide that may be set free. 
Arrange the tubes in this second flask so that the gas passes down to the bottom of 
the solution and leaves the flask through an exit tube which just reaches below 
the rubber stopper. Connect this flask in the same way with a third flask, and 
connect the exit tube from this flask with a drying tube filled with soda-lime, to 
prevent carbon dioxide getting in from the air. Place the powdered substance in the 
first flask and cover it with 25 ml of water. With the third flask empty, conduct a 
stream of air free from carbon dioxide through the apparatus for ten minutes while 
heating the water in the first flask. This is best accomplished by appljnng suction 
at the end of the train and drawing the air through soda-lime in a drying tube which 
Is placed in a rubber stopper that fits the neck of the dropping funnel. Instead of 
suda-limc, caustic potash solution (1 : 2) may be used to remove the carbon dioxide 
from the air. When the carbon dioxide has been e.xpelled from the apparatus, close 
the stopcock in the dropping funnel, take away the flame, and quickly add about 25 
ml of l)arium hydroxide solution to the lost flask. With the apparatus all connected, 
introduce 25 ml of G-normal sulfuric acid into the dropping funnel and allow it to run 
slowly into the flask containing the substance. If not enough gas is evolved to 
produce a turbidity in the barium hydroxide solution, apply gentle suction as before. 
.\fter u .flight vacuum has been produced, carefully open the stopcock of the dropping 
funnel, with the soda-lime tube in place, and gradually heat the sulfuric acid to 
boiling. Continue drawing air through the apparatus for fifteen minutes if nec- 
essary. If a very slight turbidity is obtained in the barium hydroxide solution 
it is best to run a * ’ k on the apparatus with all the reagents, and then repeat the 
experiment. If : . ‘ docs not give a decided result, the presence of carbonate 

filiould never be rci • 

In this test the i .• nric acid, which is added to oxidize the sulfurous acid, may 
be replaced by other <. idiziug agents, e.g., hydrogen peroxide or iodine. 

2. Concentrated Sulfuric Acid reacts in tbe same way as dilute 
sulfuric acid, only more violently. 

3. Silver Nitrate precipitates white silver carbonate, which becomes 
yellow on the addition of an excess of the reagent. On boiling with 
considerable water, the carbonate is partly decomposed into brown 
silver oxide and caibon dioxide; but the carbonic acid is not expelled 
completely except by heating to 200®. Silver carbonate is very soluble 
in ammonia and in nitric acid. 

4. Banum Chloride precipitates white, voluminous barium car- 
bonate, in the cold, which gradually on standing, but more quickly 
on warming, becomes crystalline and denser. The precipitate dissolves 
readily in dilute acids. 
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5. Lead Chloride added to au aqueous solution of alkali carbonate 
or bicarbonate gives a milky, white precipitate of lead carbonate. 
Free carbonic acid hinders the reaction, and acetic acid dissolves the 
precipitate. 

6. Nessler’s Reagent vail not give the ammonia test in the presence 
of free carbonic acid or of bicarbonates. This test may be used for the 
detection of free carbonic acid or of bicarbonate in solution. 

Xlh 
/ ^OH 

7. Rosolic Acid, C-C6H4OH , in 0.2 per cent alcoholic solution 

^CoH.O 

which has been treated with barium hydroxide solution until a red 
color begins to appear is decolorized by free carbonic acid. 

Behavior of Carbonates on Ignition 

The carbonates of the alkalies melt with but slight decomposition. 
Barium carbonate i.s not decomposed on charcoal before the blow- 
pipe, and does not melt; only at a white heat is it decompo.sod into 
infusible barium oxide and carbon dioxide. All remaining carbonates 
are decompo.scd at the temperature of the blowpipe into oxide and 
carbon dioxide. The oxides of the noble metals break down into 

metal and oxygen. 



PERCARBONIC ACID, H2C2O6 


Pro-perties. — Free percarbooic acid is not known, but its potassium salt is stable 
in the dry state. When exposed to moisture it decompc^es into hydrogen peroxide 
and potassium bicarbonate: 

KjCjOa + 2 HjO HiOi + 2 KHCO, 

If the salt, which is characterized by its pole blue color, is placed in considerable 
cold, dilute sulfuric acid, it dissolves with evolution of carbon dioxide and formation 
of potassium acid sulfate and hj'drogen peroxide. The solution gives all the char- 
acteristic reactions of hydrogen peroxide. 

To distinguish between percarbonic acid and hydrogen peroxide, dissolve 10 g 
of potassium iodide in water and add 0.1 to 0.3 g of the finely powdered substance. 
If potassium percarbonate is present, iodine is at once liberated: 

CtOf - + 2 I' -» 2 cor" + 1> 

If only potassium bicarbonate and hydrogen peroxide are present, the liberation 
of iodine will take place much more slowly. 

Silver nitrate and barium chloride, when treated with a percarbonate, give white 
precipitates which arc soluble in dilute nitric acid. 

Potassium permanganate is decolorized by percarbonates and much gas is evolved; 
in neutral solutions manganese dioxide is precipitated: 

3 C:Or' + 2 MnO,- 4 CO,'" + 2 CO* T + 2 MnO, -h 3 O. T 
5 CjOr" + 2 MnOr + 16 H+ 2 Mn++ + 10 COa T + 5 Oa T + 8 HaO 
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BORIC (Boracic) Acid, H 5 BO 3 

Occurrence. — horic acid is found native as sassolitc; in the form of its sodium 
salt, as borax or tinkal, NajB^Oj-lO HjO; as boracite, 2 MgsB^Oii • MgCU, and iu 
many silicates, such as axinite, tourmaline, datolite, etc. 

Properties. — Crystalli/ed boric acid forms colorless flakes, with a mother^f-pearl 
luster, which are soluble in water (100 parts water dissolve 4 parts of bone acid at 
15°, and 33 parts at 100°). The aqueous solution reacts acid, and i.s a poor conductor 
(f electricity; the ionuation constant is 1.7 X lO"* at iS° and 2.3 X lO"" at 2 j° for 

the primary ionization. , . , i . 

By heating boric acid to 100^ it loses one molecule of water and is changed to 

meUboric acid, HBO,. The latter loses more water when l.eated to 1(.0 , orming 

pyroboric acid. 11 , 8 , 0 :. which, on ignition, all its water being clmnge<l to tl.e 

anhydride of l>oric acid, boron trioxidc, winch remains as a dillKulllv volatile, h\gro- 

Of l.oric acid, tl,c borate, arc derive, 1 frorr, ,l,o ,„o(a- ,„.d pyroboric 
acids. The salts of tire ortho acid, II.HO., are no, known ,n f;''"; 

In a few e.sceptional reactions boron nct.s as a rnclal, form.nfi » n 

BF., BPO., etc. The las, compound is insoluhic m water and chlutc ar,d.s, but 

“ 

“°A of boras Whaves os if it contained sodium metaborate, 

free boric acid, and a small amount of caustic alkali. 

NajB.O, + 3 IldO r^2 NaBO: + 2 HdiO, 

NallOi + 2 non NaOn + IIiHOj 

The more dilute 

wr„rwTreL^tirr;ltoe^“i..d.iy --i-- - 'r '"t , 

The rcLining borat. are rhOicultly 

Boluble in water, but readily soluble in acids and in ammonium chloride solution. 

/t,.<icrio«s in the Wet Way 

For these reactions use a borax solution. * i ^ i inrio 

1. DUute Sulfuric Acid. - No rcact.on. Sulfur.c or nydrocltlono 

acid added to a concentrated acfucous solution of a I, orate often pre- 

cipitates boric acid. . . 

2. Concentrated Sulfuric Acid. - No vns.bic reaetton. Most b<^ 

rates arc decomposed by sulfuric ac.d, settmg free btrnc anti, w tt I, 
is capable of coloring the non-luminous gas flame w.th a cl.aracterLstto 

green tinge. 
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3. Concentrated Sulfuric Acid and Alcohol. — In an alkali or alka- 
line earth borate is treated in a small dish with methyl alcohol, then 
with concentrated sulfuric acid, the mixture stirred, and the alcohol 
lighted, a green-bordered flame will appear, as a result of the formation 
of boric acid method ester, B(OCH3)3. The test can also be made with 
ethyl alcohol, in which case ethyl borate, B(OC 2 H 6 ) 3 , is formed. 

A better method is the following: 

Place about 0.2 g of the solid substance, or the residue obtained by evaporating a 
solution which has been made alkaline with NaOH, in a 6-in. test tube to which is 
fitted a 2-holc rubber stopper carrying tubing like that of a wash bottle, except that 
the short tube is provided with a capillary on the outside and the tube through 
which one blows ends near the bottom of the test tube. Add 1 ml of concentrated 
HjSO^ and carefully introduce 6 ml of methyl alcohol, CH»OH. Blow through the 
liquid and cause the escaping vapor to come in contact with a colorless Bunsen Same. 
If boric acid is present, methyl borate will be formed and the vapors of methyl 
borate impart the characteristic green color to the flame. When the test is made 
in this way, Ba and Cu do not interfere. 

4. Silver Nitrate produces, in moderately concentrated, cold borax 
solutions, a white precipitate of silver metaborate: 

Na^B^O: + 3 H 2 O - 1 - 2 AgNOa -> 2 NaNO, -)- 2 H 3 BO 3 + 2 AgBOj 

On warming, a brown precipitate of silver oxide is obtained: 

2 AgBOs -b 3 HjO 2 H 3 BO 3 + AgjO 

From very dilute solutions, in the cold, silver nitrate produces a 
brown precipitate of silver oxide. 

Silver borate is soluble in ammonia and in nitric acid. 

5. Barium Chloride produces, in fairly concentrated solutions, a 
white precipitate of barium metaborate: 

NajB^OT + BaCU -h 3 II 2 O -4 2 NaCl 4- 2 H 3 BO 3 + Ba(BOi)i 

soluble in an excess of barium chloride and in ammonium chloride. 

6. Calcium and Lead Salts behave like barium chloride. 

7. Mercuric Chloride produces a red precipitate of basic mercuric 
salt. If considerable free boric acid is present there is no precipi- 
tation. The precipitate is soluble in dilute acid. 

8. Turmeric. — If a piece of turmeric paper is placed in a solution 
of free boric acid, apparently no change will take place unless consider- 
able quantities of boric and sulfuric acids are present, but if the paper 
is dried, it becomes reddish brown. If the brown paper is again dipped 
in the solution of boric acid, the color remains, which is also true if 
the paper is dipped in a dilute sulfuric or hydrochloric acid solution 
(difference from the alkali test with turmeric paper). If the reddish 
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brown paper is moistened with caustic soda or potash solution, the 
paper becomes bluish black, or, if only a small amount of boric acid 
is present, grayish blue. 


The shade and intensity of the color vary both with the amount of turmeric 
and with the amount of boric acid; with a very little boric acid, turmeric, and very 
dilute caustic soda solution a nearly pure violet color is obtained, and with consider- 
able boric acid and stronger alkali, a greenish black color. 

Borate solutions, when acidified with dilute hydrochloric acid, give the above 
reaction. This sensitive and convenient test for boric acid must be used with 
caution, for acid solutions of titanic, tantalic. columbic, and molybdic acids, and 


zirconia also color turmeric paper brown. 

The reaction is much more sensitive if. instead of the turmeric paper itself, an 
alcoholic solution of turmeric is usd. Place 2 or 3 drops of the yellow solution a 
porcelain dish, add the sulutioi. to be tested for boric acid, acitlify w.th acettc acid, 
and evaporate to dryness on the watcr-balh. If as mucli as 0^02 mg of B=0, .a 
present, the residue is colored a distinct reddish Irrown, while 0.002 mg sulhccs to 


cause a visible reaction (F. Ilenz). 


Behavior of Borates on Ignition 

The hydrated borates of the alkalies melt with effervescence, form- 

ing a colorle.ss glass. , 

This glass has the property of di-ssolving many nietalhe o.xkIos wlien 

heated, whereby metaboratos are formed whieli are o^en very 

teristically colored (bora.x beads); thus copper o.vk i 

forming a blue glass: 

NasBdOz + CuO 2 NaliQ.. + Cu(BO-j )2 

If this bead is heated in the reducing flame {i.e., with carbon) two 

things can happen: , .. 

(a) Tlic colored cupric salt is reduced to colorlc.ss cuprous salt: 

4NaBO, + 2Cu(BO..,),+ C-o COT -hNa,B,0, T + 2NaB().+ (’t.t(BO...).r 


(t) Tl.e cupric salt is reduced to metallic copper, so that the bead 
appears reddish brown and opaque: 

4 NaBO, + 2 CufBO,), + 2 C ^ 2 CO T + 2 Na.B.O, 4- 2 Cu 



Perboric Acid, HBO 3 


All the perborates are hydrolyzed to a greater or less extent when in contact with 
water; the aqueous solutions all give the characteristic reactions of hydrogen peroxide 
and of the metaborate ion. 

BOr + H,0 -» BOr + HiO, 

The typical reactions of the perborate anion are based upon its oxidizing power. 

Reactions in the Wet Way 

1. Manganous, Nickelous, and Cobaltous nitrate or sulfate solutions 
give black precipitates of MnOs, Ni(OH)3, and Co(OH)3. 

2. Potassium Dichromate gives blue perchromic acid, soluble in 
ether (cf. p. 19C). Chrome alum solution also gives the blue color when 
treated with perborate and shaken with ether (difference from per- 
cai'bonie acid). 

3. Potassium Iodide gives free iodine only in acid solutions. 

4. Potassium Permanganate is decolorized; black manganese dioxide 
is precipitated unless the solution is kept acid. 

5. Titanium Trichloride gives a red color. Cerous Chloride is turned 
yellow. 
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Oxalic Acid, KiC^Ot 


Occurrence and Preparation. — Oxalic acid occurs, in the form of its acid potassium 
and calcium salts, in the sap of many plants. 

It is prepared in large amounts by heating sawdust with molten caustic alkali. 
The resulting potassium salt is precipitated with milk of lime, forming the insoluble 
calcium salt; and the latter is decomposed with .sulfuric acid. O.xalic acid is also 
formed by the oxidation of innumerable organic subst.inces such as sugar, starch, 
and cellulose (paper), by means of concentrated nitric acid. 

It crystallizes from aqueous solutions in the fonii of colorless monoclinic prisms, 
H,C 204*2 HjO. The crystallized, hydrated acid is soluble in water, alcohol, or 
ether: 100 parts water at 20* dissolve IM parts oxalic acid; 100 parts alcohol at 
15* dissolve 33.2 parts oxalic acid; 100 parts ether at l.V’ dissolve 1.5 parts oxalic 

Acid 

By allowing the hydrated acid to stand over sulfuric acid, water is lost, and the 
anhydrous acid remains, which, when heated to about 1.50* C sul, limes, forming 
needles. If heated stiU higher it is completely decompo.>ed into water, carbon 
dioxide, and carbon monoxide: 

11=0:04 H:0 + CO: T + CO T 

Properffes. — Oxalic acid is a fairly strong, dibasic acid, and forms neutral imd 
acid salts, e.g., potassium oxalate, KcCjO,; pofas-^ium binoxalate, KlIC^O*; 

potassium tetroxalate, KHCj 04 n 3 C; 04*2 IIjO. , .. 

Solubility. — The oxalates arc mostly insoluble in water, with the exception of the 
oxalates of the alkalies and of magnesium. In an exce.ss of nn alkali oxalate many 
of the insoluble oxalates dis.solve. TIuls ink s|x.ts and ru-st spots can often be re- 
moved from clothing by means of a solution of oxalic acid or of pota.vs.um tetroxalate: 

Fe=0) + 0 HiCjO, — 2 IblFetCVO,))] + 3 11=0 
Oxalic acid is also a good solvent for ferric phosphate. -Ml oxalates dissolve readily 
in mineral acids. 


neartiona in the Wef fPay 

A solution of ammonium oxalate can used for the following reactions: 

1. Dilute Sulfuric Acid. — No reaction. , , , . 

2. Concentrated Sulfuric Acid, on warming, act.s as a deliydrating 
agent, causing the evolution of equal volumes of carbon monoxide 
and carbon dioxide; the former will burn with a blue flame: 

HjCi04 HjO + CO T + COj T 

3. Silver Nitrate precipitate.s white, curdy silver oxalate, 

C\04"' + 2 Ag+ Ag2C,04 

almost insoluble in water, but readily soluble in ammomaand in mtncaeid. 
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REACTIONS OF THE ACID CONSTITUENTS 


4. Barium Chloride precipitates white barium oxalate, soluble in 
oxalic and acetic acids. 

5. Calcium Chloride precipitates white calcium oxalate, insoluble 
in oxalic acid, ammonium oxalate, and acetic acid, but readily soluble 
in hydrochloric and nitric acids. It is the most insoluble of all oxalates, 
and a precipitate is obtained when calcium sulfate is added to a solu- 
tion of oxalate which is acid with acetic acid. 

6. Ferrous Phosphate in phosphoric acid solution gives a dark 
yellow color with a warm solution of an oxalate. 

7. Lead Salts precipitate w'hite lead oxalate, soluble in nitric acid. 

8. Manganese Dioxide mixed with oxalic acid or an oxalate, heated 
with water and a few drops of concentrated sulfuric acid causes de- 
composition of the oxalate and vigorous evolution of carbon dioxide: 

MnOo + B2C2O4 + H2SO4 MnS 04 + 2 CO2 T + 2 HaO 

Similarly, if oxalic acid or an oxalate is added to a hot acid solution 
of permanganate, the oxalate is oxidized to carbon dioxide and the 
permanganate ion is decolorized: 

2 MnOr + 5 0204 “” + 16 H+ 2 Mn++ + 10 CO 2 T + 8 H 2 O 

9. Manganous Sulfate or Chloride precipitates nearly white crystals 
of manganous oxalate : 

Mn++ + C 204 '" -I- 3 H 2 O ^ MnC 204 ■ 3 H 2 O 

10. Manganous Sulfate. — A sensitive test for the detection of oxalic 
acid in the presence of hi'drochloric, sulfuric, nitric, phosphoric, acetic, 
butyric, valeric, citric, tartaric, benzoic, and salicylic acid as well as 
phenol or small quantities of formic acid is performed as follows: 

Dissolve a small crystal (3 to 5 mg) of manganous sulfate in a few drops of water, 
add a drop of sodium hydroxide solution, heat somewhat, then cool and add drop by 
drop the solution of oxalic acid or of oxalate, which is slightly acid with sulfuric acid 
and free from reducing agents. The precipitate of manganous-manganic hydroxide, 
which was formed by the action of the sodium hydroxide on the manganese sulfate, 
dissolves by the action of the oxalic acid, and a red coloration is obtained, which is 
probably due to the formation of (Mn(Cj 04 )il • 

11. Resorcinol, C«H4(OH)2, dissolved in about 100 times its weight 
of concentrated sulfuric acid, gives a blue coloration when added to 
a solid oxalate and heated until fumes of sulfuric acid are evolved. 

Analysis of Oxalates 

Oxalates of alkaline earth metals undergo metathesis when boiled with a con- 
centrated solution of sodium carbonate. Insoluble alkaline earth carbonate and 
soluble sodium oxalate are formed, aud, after filtering, the solution can be tested 
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for oxalate. Such a metathesis docs not always succeed with o.xalates of some other 
metals, because, ot\ing to the formation of complex salts, the precipitation of the 
carbonate is often incomplete; thus nickel o.xalatc forms a soluble sodium nickel 
oxalate. In such cases, in order to obtain an aqueous oxalic acid solution from an 
insoluble oxalate, and to remove the cation which may interfere in the tests, it is 
best to place a little of the powder in warm water and saturate witli hydrogen sulfide; 
the less soluble nickel sulfide is formed and the solution contains oxalic acid and 
hydrogen sulfide: 

NiC,0« + II3S NiS + ILC.O, 


Behavior of Oxalates on Ignition 

All oxalates are decomposed on ignition with slight carbonization. 
The oxalates of the alkalies and alkaline eartlis are cliangcd to car- 
bonates, with evolution of carbon monoxide. Stronger ignition cau>es 
the formation of more or less oxide, tlie alkaline earth carl>onate being 
quantitatively changed to oxide by heating over the blast lamp. Ihe 
oxalates of the noble metals, and of iron, nickel, cobalt, copper, etc., 
leave the metal itself; the oxide is formed in the case of other metals. 



Tartaric Acid, H2C4H406 


Occurrence. — Tartaric acid occurs partly free and partly as its acid potassium 
salt in many fruit saps, particularly in that of the grape. 

Properties. — The free acid crj'stallizes in clear, monoclimc prisms, without water 
of crystallization. 

Inspection of the structural formula of tartaric acid 

HO - CH - COOH 
I 

HO - CH - COOH 

shows that there are in the molecule two carbon atoms each of which has the four 
valences satisfied bj* unlike atoms or groups of atoms. Thus each of these carbon 
atoms has one valence bond satisfied by H, one by OH, one by COOH, and one by 
CH(OII)COOH. Such an atom of carbon is called an ast/mmelric carbon atom, and 
whenever it occurs there usually exist so-called stercoisomeric compounds, i.e., 
compound.^ which have the same chemical composition but differ in the way the 
atoms are arrance<l around the asymmetric carbon atom. 

Isomeric compounds of this nature usually show practically the same chemical 
properties but can l>e distinguished physically from one another by the shape of the 
cr^’stals and by the way in which the plane of i>olarized light is changed when passed 
through a solution of tlic crystals. 

On account of tlse two u.symmetric carbon atoms in the tartaric acid molecule, four 
modificaliotLs of il»is acid exist, and the study of these acids has played an important 
part in the development of chemical theory. One of these has the atoms arranged 
around each iLsymmctric carbon atom in such a way that each causes the plane of 
polarized light to rotate to the right. This acid, the ordinary tartaric acid, is called 
d-tartaric acid. Another acid has the atoms arranged so that just the opposite 
effect upon polarized light is produced; it is called /-tartaric acid. Ciy’stals of these 
sul)staii(res are to one another as mirror images, or as the right glove to the left; 
both form similar hcmihedral cr 3 ’stals but certain surfaces found on the right in one 
case occur on the left in the other. 

The third isomeric modification is that known as d, /-tartaric acid and is 
called racemic odd. It consists of an equal quantity of both of the above two acids 
and is opticall\’ inactive. Fiimllj', the fourth isomer is called mesofartaric acid and 
is optiwilly inactive localise the two asymmetric carbon atoms have the groups 
around tlicm arranged so that one neutralizes the other in the molecule. 

Tartaric acid is verj’ readily soluble in water (100 parts water dissolve 132 parts 
of tartaric acid at 15®) and alcohol, but it is insoluble in ether. It is a fairly strong 
acid, the ionizotion constant for the primary ionization being 0.97 X 10“*, at 25“. 
The salts are culled tartrates. 

Soluhility. — The neutral alkali tartrates are very soluble in w'ater, as also is 
sodium acid tartrate, while the potassium acid and the ammonium acid tartrates are 
diiFicultly soluble in water. 

The remaining tartrates are difficultly soluble in water, but all dissolve, more or 
less readily, in neutral alkali tartrate solution, forming complex salts. These com- 
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plex salte often conceal the reactions which are typical of the metal ions contained in 
them. Thus a mm onium hydro.xide causes no precipitation in solutions of iron, 
aluminum, titanium, chromium, antimony, and tin tartrates. Complex tartrate 
ions are also formed with manganese, cobalt, nickel, lead, copper, boron, molybdenum, 
and other elements. 

The most important commercial salts of this acid are “ cream of tartar,” IiHC4H406; 
“ Rochelle salt,” KNaCiHiOa; and ” tartar emetic,” K(Sb 0 )C 4 H 40 «. 


Reactions in the JTet R'ay 

A solution of Rochelle salt (sodium potassium tartrate) may be used for these 
reactions. 


1. Dilute Sulfuric Acid. — No reaction. 

2. Concentrated Sulfuric Acid causc.s carl)onization on warming, 
with evolution of sulfur dio.xidc, carhon monoxide, carl)on dioxide, 
and other gases. Tlie sulfuric acid becomes l)ro\vn, and there is an 
empyreumatic odor. 

3. Silver Nitrate produces no precipitation in a .solution of free tar- 
taric acid, but in the .solution of a neutral taitrate, a wliite, curdy 
precipitate is formed immediately: 

CJi^Oc" + 2 Ag+ -> Ag,C4H40e 


The precipitate is .soluble in nitric acid and in ammonia. By wanniiiE 
the ammoniacal silver tartrate solution, metallic silver i.s depo.sitcd. 
ThLs very important r(‘a<’tion for the detection of tartaric acid is 
performed in the following manner: 


Treat the pure tartrate solution with silver nitrate .solution until no further pre- 
cipitation takes place; add a few drops of wi<Jiuni hydroxide solution and dilute 
ammonia drop by drop until the precipitate just di.s.s(dve.s. Phice tlie le.st tube 
containing the solution in water whicli has Ijcen luxated to <>0-70 C. After stand- 
ing for alwut fiftocn minutes, the silver will bo drp(.siled in the form of a l>eauliful 
mirror on the sides of the test tulx>. Tln.s very delic-utc reaction cannot be r)erformcd 
with certainty in the presence of other acids. In this ca.se tl.e tartaric acid should 
firet l>e precipitated as iK)tassium aei.l tartrate, Omcentrate the solution to a 
small volume, add a little solid pota.s.«iijni curlumate, acidify witli strong acetic 
acid and stir the cold solution vigorou.dy; u precipitate of potassiuin ncid tartrate 
will form at once if considerable tartrate is present. Filter off tlio precipita^, 
waah with a little cold water, and di.s.« 5 olvoit inaslittlecausticsodasolution as po.s.s,ble. 
In this way a solution is obUined whicli will readily give the silver mirror on the 

addition of silver nitrate and treatment os ulwvo. , , , 

If no precipitate is formed on the addition of the acetic aci.l, add a little alcohol, 

which causes the precipitate to fonn more readily. Filter off the precipitate, wa.sh 
with diluted alcohol, dry, dissolve in dilute sodium hydroxide, and treat as uliove. 
If the alcohol is not removed by drying, a mirror is sometimes formed when tartaric 

add is aljsent. 
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4. Amm onium Molybdate in faintly acid solutions together with 
a little tartaric acid and one or two drops of hydrogen peroxide, in a 
solution heated to about 60®, gives a coloration at first pale yellow, 
then gi-een, and finally blue. 

5. Calcium Chloride. — If to a concentrated solution of neutral 
alkali tartrate, in the absence of ammonium salts, calcium chloride 
solution is added drop by drop, a white amorphous precipitate is 
formed which redissolves, forming soluble calcium tartrate anions: 

2 C 4 H 4 O 6 ” + Ca-H--» [Ca(C4H406)2]~‘ 

Only after the addition of enough calcium chloride to decompose 
completely the alkali tartrate is a permanent precipitate formed, 
which at first is flocculent, but soon becomes crystalline, consisting of 
neutral calcium tartrate: 

[Ca(C4H406)2]"' + Ca-^->2CaC4H40o 

In dilute solutions the first addition of calcium chloride often produces no pre* 
cipitation; but after standing some time (or more quickly on rubbing the sides of 
the test tube with a gloss rod) the crj’stalline precipitate is deposited, CaC 4 H 40 « + 
4 HjO. Calcium tartrate is difficultly soluble in water; 100 parts of water at 15* C 
dissolve 0.0159 part of the crystalline salt, and 100 parts of boiling water dissolve 
0.0285 part of the salt. The precipitate is soluble in acetic acid (difference from 
calcium oxalate) and also in a solution of concentrated caustic alkali (free from 
carbonate), probably forming a complex ion: 

2 CaCiH^Oo + 2 OH“ H-O + [(CaC4H404),OI‘" 

On boiling this solution, calcium tartrate is reprecipitated in the form of a vol- 
uminous gelatinous precipitate, which again goes Into solution on cooling. The 
presence of ammonium chloride retards the formation of the calcium tartrate, but 
does not prevent it; after standing some time the precipitate settles out in the 
form of a heavy crystalline powder (difference from citric acid). 

The calcium salt of d, f-tartaric acid is less soluble than calcium <i-tartrate and 
has a silky luster. The presence of aluminum, ferric, or antimonyl ions tends to 
prevent the formation of calcium tartrate on account of the formation of complexions. 

G. Ferrous Salt added in small quantity to free tartaric acid or an 
alkali tartrate gives, with two drops of hydrogen peroxide or a few 
grains of sodium peroxide, a beautiful violet coloration. The sensitive 
reaction is not obtained with citric, malic, or succinic acids. 

7. Lead Acetate produces in neutral solutions a white, flocculent 
precipitate of lead tartrate, easily soluble in nitric acid and in ammonia. 

8. Magnesiiun Chloride Reagent. — If a concentrated tartaric acid 
solution is treated with an excess of magnesium chloride, 10 ml of strong 
ammonia, and a volume of alcohol equal to that of the solution, then, 
after shaldng and allowing to stand twelve hours, the tartaric acid is 
precipitated quantitatively as crystalline, basic magnesium tartrate 
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insoluble in 50 per cent alcohol (difference from malic and succinic acids) : 

+ 2 Mg++ + 2 OH' + H.O ^ Mg,(0H)2(C4H406) • H^O 

Filter off the precipitate obtained in tlie above test, wash it mth .50 per cent 
alcohol, dry, and transfer the precipitate to a test tube, with the aid of a glass rod. 
Add a little silver nitrate solution and a sliglit excess of 6-normal ammonium hydrox- 
ide, and heat to about 60°. A mirror should form if a tarti-ate is present. 


9. Potassium Chromate solution poured over a cry.stal of tartaric 
acid at room temperature gives a purple-violet or black coloration 
and evolution of carbon dioxide. Citric acid crystals, when tested the 
same way, give a coffee-brown color. In aqueous solution, tartaric 
acid will give the test: atld a little dilute sulfuric acid to the aqueous 
tartrate solution and one or two drops of potassium chromate or dichro- 
mate solution and heat for some time; the yellow color of the chromate 
changes gradually to blui.sh violet. 

10. Potassium Salts produce no precipitation in lemtral .>^olutions of 
alkali tartrates; but if the concentrated .solution is acidified with 
acetic acid, a crystalline precipitate of pota.ssium acid tartrate is formeil 
upon stirring vigorously: 

CVHtV + K+ + — KHC4H,06 


Potassium nciil tartrate is «lini<Mltly s«ilul)le in water (100 ml of water ULssolvis 
0.4.5 g of salt) and in a<'cti<- ac-id, l)iit is readily soluble in iiiineiul acids or in caustic 
alkali and alkali earb(.nute solutions. The piccipitato may be di.ssolved in a little 
ammonia and the test with calcium chloride ol>t:tinc*l (|). .is-p. 

If a concentruU;<l .solution of free tartaric acid is treated with potassium chloride, 
a precipitate of potjLssium aciil tartrate is formed in .spite of the pie.sence of the . 
hydrochloric acid which is .set free. From dilute solutions the preeipitute appeai-s 
only after adding sodium acetate (ef. p. 2S-5). 

The pre.senec of eon.sideralde borie acid greatly interferes with the formation of 
the potaasium acid tartrate. In su<-h cases a«ld uiniiioiiium chloride to the con- 
centrated solution in a tc-st tube, then some calcium chloride snliilion, and nil) the 
inside walls of the tube with a stirring rod. If only a little tartaric acid is ijre.sent it. 
may be neccasary to let the .solution stand twenty-four hours. Filter off any precipi- 
tate that limy form, \vu.sh it two or three times with alcohol, and di.ssolve (lie cal- 
cium tartrate in a little freshly prepared potassium hydroxide .solution (1 :.5). 
Filter and heat the filtrate to boiling. Amorphous calcium tartrate should be pre- 
cipitated. Another way to identify the tartrate in the first precipitate of calcium 
tartrate is as follows: Place llie wa.shed precipitate in a tc-st tube, add a crystal of 
silver nitrate and a few drops of 6-riormul ammonium hydroxide, and place the test 
tube in hot water; a distinct silver mirror should form if a tartrate is present. 


11. Resorcinol in concentrated sulfuric acid (1 : 100) gives a wine- 
red color when heated with a little solid tartaric acid, or a tartrate, 
until sulfuric acid fumes are evolved. A mere trace of tartaric acid 
will give the reaction, but nitrates, nitrites, chlorates, and other oxidiz- 
ing agents interfere. 
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Reactions in the Dry Way 

If tartaric acid is heated to 135*" C, it melts, and on stronger igni- 
tion it is decomposed, leaving a residue of carbon and giving off gases 
with an odor resembling that of burnt sugar. 

The alkali tartrates are also decomposed by ignition, leaving a 
residue of carbon and alkali carbonate, which effervesces on treat- 
ment with acid. 

A mm onium tartrate leaves a residue of carbon, which does not 
effervesce on treatment with acids. The tartrates of the alkaline 
earths leave beliind a mixture of carbon and carbonate; on very strong 
ignition the latter is changed to oxide. 

The tartrates of those metals whose oxides are reduced by carbon 
are left in the form of metal (Ag, Pb, Fe, Ni, Co, etc.). 



Citric Acid, H^CeHsO? 

Occurrence and Properties. — Citric acid U found in nature in the juices of many 
fruits. It is a tribasic acid, readily soluble in water and in alcohol, but difficultly 
soluble in ether. The pure acid is a colorless, odorless solid which usually contains 
three molecules of water of crystallization, HaC«rUO; • 3 11:0. Heatctl carefully to 
65“ it loses its water of crystallization and at a higher temperature melts and begins 
to decompose, giving rise to acrid vapors and an odor similar to that obtained with tar- 
taric acid under similar treatment. The aqueous solution is optically inactive and 
shows fairly strong acid properties, the constant for the primary ionization being 
0.82 X 10-» at 25“. The clear transparent crystals weather on standing in the air 
owing to loss of water of cry.stallization; the cry.stals become opaque and powdery. 

Its salts are called citrates. , 

SofuWffty. — The citrates of the alkalies are .soluble in water, and form, with the 

insoluble citrates of the heavy metals, very soluble complex salts, whose solutions 

are not precipitated by alkali hydroxides, alkali carbonates, ammonia, etc. 


Reactions in the Ret Ray 

A solution of pota.ssium citrate may be u.'^ed. 

1. DiluteSulfuricAcid. — Noreaetion. 

2. Concentrated Sulfuric Acid on being heated with a citrate, a.s 
with most a-hydroxyaeid.'<, cau.se.s formic acid, HCO 2 H, to be formed, 
which then breaks down into water and CO; at the same time some 
acetonedicarboxylic acid, (CUM:0-{C0,U),, is formed, and tins 
breaks down into acetone, (Cll 3 ) 2 CO, and CO 2 . 

HaCoHftO; ncoji (ch2)2C0-(C02H)2 

HCO 2 H H 2 O + CO, (cii2)2C0-(C02n)! ('CH.O 2 CO + 2 CO 2 T 

A part of the citric acid is carbonized, and this cause.s redmdion of the 

sulfuric acid so that some SO 2 is evolved. 

3. Silver Nitrate produces in neutral solutioas a floceulont precipitate 
of silver citrate, AgaC readily .‘^oluldo in nitric acid and in ammonia. 
On heating the ammoniacal solution to 00’’ C, no .silver mirror is formed; 
but on heating the solution to boiling, the silver is gradually <lcpositcd. 

4. Barium or Calcium Chloride gives no precipitation m neutral 
solutions (difference from tartaric ac-id). If, however, eau.stic soda 
solution is added to the solution which contains an cxce.ss of calcium 
chloride, a flocculent preci|)itate of tertiary calcium citrate is at once 
formed, insoluble in caustic alkali, l>ut readily solul>le m ammonium 
chloride. On boiling the solution in ammonium ehlonde, crystalline 
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calcium citrate is precipitated, which is now insoluble in ammonium 
chloride. 

5. Lime Water in excess produces no precipitation in cold solutions 
of neutral citrates; on boiling, there is formed a flocculent precipitate 
of calcium citrate, which almost entirely redissolves on cooling. 

6. Lead Acetate precipitates from solutions of the free acid, and 
those containing neutral salts, amorphous Pb3(C6H607)2 • HoO. 


7. L. Stahre’s Test for Citric Acid.* — To the solution of free citric acid in water, 
or to the solution of a citrate in very dilute sulfuric or nitric acid (not hydrochloric) 
add 2 to 5 drops of tenth-normal permanganate solution and heat a short time at 
30° to 40° (the solution must not boil!). As soon as the solution is colored brown, 
or becomes turbid by the precipitation of a Uttle manganese dioxide, add 1 or 2 
drops of ammonium oxalate solution and about 1 ml of 10 per cent sulfuric acid, 
which will dear up the solution. Now, add a few drops of bromine water, and a 
di.sf inct, crystalline precipitate of pentabromacetone will be obtained. The bro- 
mine water may also be added before the permanganate solution and sometimes 
the results are better. 

This tc.«^t is so sensitive that 0.3 mg of citric acid in 1 ml of water can be detected. 

The experiment succeeds in the presence of tartaric, malic, oxalic, sulfuric, and 
pho.sphoric acids, except that a little more permanganate is required. 

In the Stahre te.st the following reactions take place: 

(ci) The pcrmajiganate oxidizes the citric acid to acetonedicarboxylic acid with 
evolution of carbon dioxide: 

SHiCaijOr +2 MmO,' -}-GH+-*5COi + 2Mn+^+8HiO + 5 (CHj)iCX)(COiH)j 

(6) The acetonedicarboxylic acid reacts with bromine, forming pentabromace- 
tone: 

(CIL) 3 CO(CO:H)s + 5 Br, ^ 2 COi + 5 HBr + CjHBr»CO 

If the permanganate is allowed to act longer upon the citric acid the acetonedicar- 
boxylic acid is converted gradually into acetone, the reaction taking place more 
quickly on boiling: 

(CH.):CO(COjH), 2 COi + (CH,)jCO 

Acetone itself is not brominated os readily as the acetonedicarboxylic acid, Md 
for this rc.ason cure should be taken not to let the temperature rise above 40 during 
tlic treatment of the citric acid with permanganate. . 

The citrates on treatment with bromine, without previous oxidation with per- 
Uiiingauate, will also give pentabromacetone: 

KjCtlltOj + 6 Bn -• 3 KBr + 3 COi -f 4 HBr + CiHBrsCO 

8 Mercuric Sulfate. — Deniges’ reagent.! Dissolve 5 g HgO in 
water and 20 ml concentrated HjSO*. Treat the solution of the citrate with 1 / 2 U 
as much reagent and heat to boiling, then add a few drops of 0.1 N KMnO« solution. 
A white crj'stalUue precipitate is formed. 

The precipitate has the composition: Hgi 02 S 04 ' 2 (C 0 (CHjC 0 j)j]Hg * 
a mixture of basic mercuric sulfate and the mercuric salt of acetonedicarboxj lo 


• L Stahre, Z. anal. Chem., 36, 195 (1897) ; also Alfred Wohlk, ibid., 41, 94 ( 1902). 
t Compt. rend., 138, 32; Z. anai. Chem., 38, 718 (1899); and 40, 121 (1901). 
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acid. The reaction is verj’ sensitive and enables one to detect 0.5 g of citric acid 
dissolved in a liter of water. The reaction, however, is not peculiar to citric acid 
but is shown by many other ketonic compounds. 

9. Citric acid may be distinguished from oxalic, tartaric, and malic 
acid by means of the deep blue or green color obtained by the following 
treatment: 


To at least 0.01 g of citric acid odd an excess of ammonium hydroxide (3 ml) 
in a piece of ignition tubing closed at one end. Seal the other end of the tubing so 
that but little empty space is above the liquid and heat 0 houi-s at 110° to 120°. 
Cool, break off the end of the tubing, and pour the liquid into a shallow porcelain 
dish. After standing several houi-s in the light a l>lue or green product is ol>tuiiicd. 

This characteristic coloration may also be olitaincd as follows: To the citric 
acid add a little glycerol (a little less than the quantity of citric acid u.<ed) and heat 
gently until the mass begins to swell. Dissolve the residue in ammonia, eva|:orate 
off most of the liquid, and add a little water and 2 drops of fuming Jiitric acid which 
has been diluted with five times a.« much wafer. The greeti enlor which uppoara 
first changes by heating on the water-bath to blue. Ilydrogetj pcro.xide can be used 
in place of the nitric acid. 


Ri'actittna in the Dry ff'ay 

The citrates, on ignition, behave exactly like the tartrates. 
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PHOSPHOROUS Acid, HaPOa 

Ptyrmation. — By the slow combustion of phosphorus in the air phosphorus trioxide 
formed which, since it is the anhydride of phosphorous acid, reacts with cold water 
form the acid: 

P,0, + 3H,0-»2HJ>0, 

Phosphorous acid is formed much more readily by the action of water on the 
trihalides of phosphorus: 

PCI, + 3 HOH -» 3 HCl + H,PO, 

The hydrochloric acid is removed by evaporation, and the last traces of uncombined 
water by heating to ISO*. If the mass is then allowed to cool, it solidifies to a crys- 
talline, hygroscopic substance which melts at —73.6“. 

By neutralising the solution of phosphorous acid with bases, the phosphites are 
obtained. It is never possible, however, to replace more than tAvo of the hydrogen 
atoms with metal so that phosphorous acid is considered to be a dibasic acid. Certem 
organic compounds are known, however, which are derived from tribasic phos- 
phorous acid, HaPO,. Phosphorous acid is a strong reducing agent and changes to 

phosphoric acid by merely standing in the air. 

Solubility. — Only the phosphites of the alkalies are soluble in water, but all are 

soluble in acid. 

Reactions in the TTet Way 

A solution of sodium phosphite should be used. 

1. Dilute Sulfuric Acid. — No reaction. 

2. Concentrated Sulfuric Acid causes no reaction in the cold; on 
heating, the phosphorous acid reduces the sulfuric acid to sulfurous acid, 
easily recognized by the odor: 

II.PO3 + II >S04 -> H3PO4 + HaO + SO2 T 

3. Silver Nitrate i)roduces at first a white precipitate of silver phos- 
phite, 

HPO3" + 2 Ag+ AgaHPOa 

which in a concentrated solution is changed in the cold to metallic 
silver; in dilute solutions this reduction takes place onlj' on warming. 

Ag,HP03 + HaO H3PO4 + 2 Ag 

4. Barium Chloride precipitates white barium phosphite, soluble in 

all acids. . 

5. Ammonium Molybdate gives in hot solution a yellow, crystal- 
line precipitate of (NH4)aHP03 • 6 M0O3 * 2 HaO. 
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6 . Lead Acetate precipitates white lead phosphite, insoluble in 
acetic acid. 

7. Mercuric Chloride is slowly reduced by phosphorous acid in the 
cold, but more quickly on warming, to mercurous chloride: 

2 HgCL + H 3 PO 3 + H:0 H 3 PO 4 + 2 HCl + HgXL 

If the phosphorous acid is present in excess, the reduction in the hot 
solution (not in the cold) goes farther, and gray metallic mercury is 

deposited : 

Hg^Cla + H3PO3 + HoO H3PO.1 + 2 HCl + 2 Hg 

Mercurous Nitrate is reduced to mercury under the same conditions. 

8 . Concentrated Potassium Hydroxide Solution changes a phosphite 
to phosphate, with evolution of liydrogtai, 

KsHPOj + KOII K3P04 + Ha T 

but with dilute cau.'^tic potash the hydrogen evolution is very slight. 

9. Sulfurous Acid is reduced by pln}.s|)horous acid to_hydrogen 

sulfide: 

3 TLPCj + H,SOj 3 n3P()4 + n-.:S T 

Sulfur Dioxide in a boiling solution eontainiTig phosphite gives sulfur 
and pbo.sphate: 

SO, 2 HPOj" -^S + 2 HPO 4 " 

10. Zinc in sulfuiic acid .solution r<*duees i)hosphorous acid to pho.s- 

H 3 PO 3 + 3 Zn + e II- - 3 Zn- + 3 H-/) + PII 3 T 

If the phosphine is allowed to act upon a ooncontrafod solution of silver nitrate 
(1:1), or, better still, upon solid silver nitrate, the latter .s colored yellow, .ls 

j>j|^ ^ 0 AgNOa PAga •i AgNOj + 3 IINOj 
By the addition of water this yellow c<.iniioun<J is decomposed with separation of 
grayish white silver: 

PAgi •:! AgNO: + -i ICO -♦ 3 H.NOj + IIjPOj + 0 Ag 
The ph.»,,l.er<.u« ecid i», however, immediately oxidired by the nitric acid to 
phosphoric av.id : 

3 HsFOa + 2 IINOi - ' HjO + 2 NO + 3 HjP04 
A EQixture of phosphine and hydrogen burns with an emerald-green flame. 

Rf’artioriH in the Dry Way 

By ignition, phosphorous acid (like liypochlorous acid) is changed at 
the cost of its own oxygen to the higher compound, while the oxidizing 
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part of the acid is reduced to its hydrogen compound : 

3 HCIO HClOa -f- 2 HCl 

4 H3PO3 -> 3 H3P04 + PH 3 T 

The phosphites behave similarly: 

8 NajHPOs 4 Na3P04 + Na4P207 + HaO + 2 PH, T 



Metaphosphoric acid, HPO 3 

Preparati/tn ami Properties. — The mojicbasic uictaphosphoric acid is obtained by 
treating phosph»)rus i>cntoxide with cold water, 

l\Oi + H,0-»2HP03 

and also by the strong ignitiuti of orthophosphoric acid: 

1 1, PO, — 11,0 +HFO 3 

Metaphosphoric acid is a colorlcs-s glii.«sy. hygroscopic mass. On boiling its 
aqueous solution, or slowly in the cold, it takes u|. water, and is changed to ortho- 

phosphoric acid: 

IIPO3 + HiO-» HjPO, 

The metaphosphates arc readily obtained by heating tlie monometallic salts of 
orthopho.sphoric acid, 

NalljPO, ^ H:0 + NaPOs 

or by igniting sodium ammonium phos[)hafe: 

NaN'II.IIPO^-* 11:0 + Nil, + XaPO, 

The meta-salts are changed into orthophosphatc.s by la.iling the aqueous solution 

in the presence of mineral aci<l. , , . i- * 

There are at least eight .liffcrent varieties of metaphosphates correspoiidmg to 

the general formula (M PO,).. hi '' hieh M i» a univaleut melal Moat of Ihcae have 

been founrl U, give cor, <•»[», uding poly,,,. air f,',a- „c,d.s o the type (IlPO.),o lv>n 0 

of the aodlum ,„etapho»pha,e,s are soh.hl,- in water and .sonic ,tre not A soluble 

form of (NaPO,), is iiow coming into il.se as a . leaning agent ,md water softener. 

The commercial preparation ('Wffort cont.-un.s such a pnaluct. 

.SofaWMp. - The mclaphospha.es of I aad of n.agnosium are solub c 

in water; the remaining sails .are dilTuadtly .sohibl,. or ursolublo m water, readily 
soluble in nitric acid and in an caecss of metaphosphoric acid or an c.xcci« of alkali 

mctaphosphutc. 

Reactions in the ITcf Way 

Sodium motapliosplmte is u.sed for the following tests: 

1. Sulfuric Acid causes no visible reaction. , , , 

2. Silver Nitrate precipitates white silver inetapiiosphate, soluble 
in ammonia and in nitric acid : 

POd + Ag* — AgPO. 

3. Barium Chloride precipitates voluminous barium metaphosphate, 
eoluble in an excess of .sodium metaphosphate. from which solution am- 
monia causes no precipitation. Barium sodium dimeduphosphate {or a 
similar poly metaphosphate) \s 
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4. Albumin Solution is coagulated by an aqueous solution of the free 
acid (difference from pyro- and orthophosphoric acids), but not by a 
solution of alkali metaphosphate, except on the addition of acetic acid. 

5. Ammonium Molybdate produces no precipitate in the cold; but, 
on boiling the acid solution, metaphosphoric acid is changed to ortho- 
phosphoric acid and the characteristic precipitate of ammonium phos- 
phomolybdate is formed. 

6. Magnesium Salts cause no precipitate from moderately dilute 
solutions, even on boiling (difference from orthophosphoric acid). 

7. Zinc in Acid Solution does not reduce metaphosphoric acid (differ- 
ence from phosphorous acid). 

Behavior of Metaphosphates on Ignition 

The alkali metaphosphates, on being fused, form a glassy mass, which 
has the property of dissolving many metallic oxides, forming orthophos- 
phates with characteristic colors. (See Phosphoric Acid.) By fusion 
with soda, orthophosphates are formed from metaphosphates. 


Pyrophosphoric Acid, H^PoOt 

Preparalitm and Properties. — The tetniha^ic pyrcpliosphoric acid is formed by 
heating orthophosphoric acid to 213“. It is a soft, ghuv-^y mass, readily soluble it. 
water; in aqueous solution it gradually adds water to the molecule and is changed to 

phosphoric acid, the change taking pl-'fe quickly on boiling the solution. 

The salts of pyrophosphoric acid, the pyropho.sphates, are obtained by igniting 
the dimetallic phosphate.s: 

2 Xa;HFO» ^ H:0 + Na*PA 

Solubility. — The pyrophosphates of the alkalies are .soluble in water; the re- 
maining pyrophosphates arc dillicultly soluble or itisoluldc in water, but all are 
soluble in acids, and some are soluble iu an e.\cc:..s of sodium pyropliospliute. 

Ht'ortions in the If ei U ny 

A solution of sodium pyropliospbatc is used for these tests. 

1. Sulfuric Acid, — No reaction. , , , . 

2. Silver Nitrate gives a white, ctirdy preciiiitalo, .soluble in animonia 

and in nitric acid. . .. z i 1 1 

3. Barium Chloride causc.s a while, lunoriihous preeiiutate, soluble 

in acids. , , . . , , .-a- 

4. Albumin i.s not coagiiIat(‘d by free- pyroplio.sphone aeid (diffen'neo 

from mctapho.sphoric aeid). . i , i . 

5. Ammonium Molybdate produee.s no precipitation in the cold; hnt, 

on warming, y,.llow a.ntnoniu.n pl.o.pl.oniolylxh.to i.s proapital,..! 

6. Cadmium Chloride gives a « liilv pri'cipitnte m acvlu' acid solutions. 
Ortho- and motapliospliiiti-s do not give tlicsc lust two reactions. 

7. Cupric Sulfate gives a pali- lil'ic liiccipiliilc. 

8. Magnesium Chloride |.rodiic.cs a wl.ito precipitate winch is so iil.le 
in an excess of the magiiesiiim salt, lus well as in an excx.ss of sodium 
pyrophosphate. By boiling this solution a precipitate is formed, wlileh 

does not disappear on cooling. 

netivliortH in the Dry IVay 

All pyropl,o.spl.atcs on being fused with sodium carbonate are changed 
to orthopho8phate.s: 

NuiP.Or + Na/’Os -» COa + 2 Na 3 p 04 
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Occurrence. — In sea-water and in Chile saltpeter as potassium iodate. 

Formalim. — By oxidizing iodine with fuming nitric acid or by the action of 
chlorine upon iodine suspended in water: 

3 I* + 10 HNOs 6 HIOj -h 10 NOT + 2 HjO 
12-1-6 HjO -1- 5 CU 10 Ha -f 2 HIOj 

Properties. — Iodic acid itself is a colorless solid which crj’stallizes in the ortho- 
rhombic system. Its anhydride, laOs, is obtained as a white crystalline powder. 
Both dis.solve in water and on being heated give iodine, oxygen, and water as de- 
composition products. Iodic acid is a strong acid and its solutions are largely 
ionized. 

The most important iodate. KIOj, is obtained by the action of iodine upon a 
slightly acid solution of potassium chlorate: 

-) KClOj + 3 I: -h 3 H 2 O -* 5 KIO, + HIO* + 5 HCl 

lodates are also formed by the action of iodine upon alkali hydroxide solutions: 

3 Ii + G KOH -» 5 KI -f KIOi -|- 3 HiO 

In alkaline solutions iodides are oxidized to iodates by hypochlorites and potassium 
permanganate. 

Solubility. — The iodates of the alkalies are soluble in water, but the remaining 
iodates are difiicultly soluble or insoluble. 

i?cocfion.s in the JTct Way 

1. Sulfuric Acid. ~ Noither dilute nor concentrated sulfuric acid 
decomposes iodic acid; but if reducing substances are present at the same 
time (such as hydriodic acid, hydrogen sulfide, ferrous salts, etc.), the 
iodic acid is reduced, with separation of iodine: 

lOa" + 5 I" + 6 11+ -> 3 H 2 O + 3 I 2 

2. Silver Nitrate precipitates white, curdy silver iodate, AglOj, 
readily soluble in ammonia, but difficultly soluble in nitric acid. 

3. Barium Chloride precipitates white barium iodate, difficultly soluble 
in hot water (100 parts of boiling water dissolve 0.6 part of the salt), 
and only slowly soluble in dilute hydrochloric or nitric acids. 

4. Lead Acetate precipitates lead iodate, difficultly soluble in water 
and only slightly soluble in nitric acid. 

5. Reducing Agents. 

(a) Hydriodic acid reduces iodic acid, witli separation of iodine: 

10/ + 5 r + 6 11+ 3 H 2 O + 3 I 2 
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The presence of acid is necessary and the reaction will continue only as long as an 
appreciable quantity of hydrogen ions is present. Iodide and iodate ions, therefore, 
cause neutralization of a solution. 

If the solution is concentrated, the iodine separates out as a brown powder; dilute 
solutions are colored yellow. The iodine may be absorbed, with a reddish violet 
color, by shaking the aqueous solution with chloroform or carbon disulfide. 

( 6 ) Sulfurous acid also causes separation of iodine, unless a large 
excess of sulfurous acid is added: 

2 lOa" + 5 SO 3 " + 2 H+ ^ 5 SO 4 " + H,0 + I. 

lor + 3 S 03 "-> 3 sor‘ + r 

The reduction takes place according to th<‘ last roa<-tion wiien three 
molecules of sulfurous acid are present to one of iodate; sulfurous acid 
reacts with free iodine (cf. p. 307). 

(c) Zinc dust (or, better, Devarda'.'^ alloy) reduees neutral iodate 
solutions to iodide. 

(d) Hydrogen sulfide rcaet.s with iodic acid eau.sitig precipitation of 
sulfur and, at first, iodine is lil)erated: 

2 lOf + 5 IL.S + 2 11^-* I-. + 5 S + 0 II, () 
but furtlicr addition of hydrogen stilfide eause.s tlio disappf'arance of the 

iodine: 

I, + II,S-^2 + 2 r + S 

The entire reaction, therefore, after an excess of hydrogen sulfide lins 
been added, is 

I 03 ' + 3H,S-*r + 3H30 + 3S 


(e) Phosphorus, citlier white; or red, rcaet.s energetically with iodit; 
acid even in dilute solutions: 

p4 + 4 I().r + 4 11,0 4 HjPOr + 2 I 2 

(/) Hypophosphorous acid reduces iodie acid eventually to iodide in 
the cold. The reaction take-s place in three stages: 

lOa' + 3 II.PO, ^ 3 H3PO3 + 1 
5 1' + lOs' + b -* 3 lUO + 3 U 
H3PO3 + I2 + HjO — > H3PO4 + 2 HI 


The first two Btages take place very quickly, the third stage is a slow reuetioii, hut 
BO that the liberated iodine cun Ik; recognized easily and the reaction of hypophosphile 
and iodine can be used to detect os little as 1 7 of fTIO*. 

Plu(X‘ a diop of the neutral wiJution to he tested on a siwt plaU; and mix with 1 
drop of Kiureh solution and 2 dnij^s of dilut*- hyfwphosidionms acid. Hlue stt.n h- 
iodide will Ik* forrnod if hu iodai<* e* 
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Reactions in the Dry Way 

Heated on charcoal the iodates defiagratCj but not so strongly as the 
chlorates; all are decomposed on being heated, some with and some 
without the separation of iodine. Thus all neutral iodates of the alkalies 
are easily decomposed into iodide and oxygen, while the bi-iodates set free 
iodine at the same time: 

2 KI 03 ^ 2 KI + 3 02 

4 [KIOs • HlOal 4 KI + 11 O 2 + 2 HsO + 2 I 2 


GROUP IV 

Silver Nitrate produces in neutral solutions a colored precipitate, 
soluble in nitric acid. 

Barium Chloride also produces a precipitate which is solul)le in nitric 
acid. 

Phosphoric Acid, H3p04 

Pre-paration and ProjfcrUe^. — Orllinpliosphoric aoitl is ol>tninp(l In- the oxiiliitiou 
of phosphorus by mcaiLS of nitric acid, or )>y boilijig the meta- aiul pyroplu>.<plioric 
acids with water. 

The anhydride, p 20 t. is u wliite substance roseinlditig .'=nf-w in appearance. Ex- 
posed U) the air it absor))s water iapi<lly and i.<. ilms. otje of tlie cfiicicnt .Irying 
agents for gases. It Is the an hydride of oil lio-, met a-, and pyiopliosplmru’ acids. 

Orthophosphoric acid. IljPO., forms water-clear ei\stal.s wliieh are very hygio- 
Bcopic and quickly become changed to a .•^iiiip by expo>ure to the air. Ry very 
strong heating in an open <lisli it can be \<ilaliiizeil, and the vapoi> liiuii' in the air. 
There are but few acids which will not dec<»mi)<*-'e or volatili/i' ujhui .■.iich strong 
heating. 

Phosphoric acid, and by this name tlic ortbo-a<-id is always meant I lie pielix 

meta or pyro is used, is triljasic- ami forms salts in wbieli either one, two. or three 
hydrogen atoms are replaced by im-ial'. S.alt.-! like .N.allJ'tb and Cadi. I Oi)- aie 
called preferably priminj pho-piiates, bm are iiMiallv named .lilu/iInMjLu plmsphatc-s or 
acid phosphuU>.s. SalLs like Na.lll'O. an.M alll'O. aie railed .,n,udnr„ phosphates; 
the former is often called pho-phal.- and the latter i.s ealcinm liyrlrogen 

phosphate. Salts like NajP 04 ami f md't > 4 ore h-t/orr/ phosphate.s though .usually 

culled trisodium phosphate and irieah ium pho,'|)hate. 

The first hydrogen of phosphoric- a< id eorre-ponds to that of a moderately strong 
acid (cf. p. 10) The seeoinl hvilrogen is hmi/ed to about the saine extent jus the 
firet hydrogen of curbonie acid or h.v.ln.gen sullide; and i.s enough to give an ueid 
reaction with phenolphllmlein but not with melliyl oningc. '1 he third hydrogen 
of phosphoric acid is scarcely ioni/.ed rtt Jill, or only al>out as mueh jus the second 
hydrogen of hydrogen sullide. 

If a solution of plio.splu.rie acid i.s neutralized with catistie so.la with methyl 
orange as indicator, the end point will iic reaehid when all the i,hospli..rie aei<l is 
converted to primary plio.siiliatc or, in other w-nls. when one hy.lrogen has l.cen 
neutralized in every iiioleetile of Ibl'ti,. With td.enolphthalein jus an indicator, the 
end ix>int will l>e reached when si'.-.>iidar.v sodium phosphate is formed. 

An aqueous solution of primarv sodium phos,»hjite. Nalld’O,. is neutral fn methyl 
orange and acid to pheiiolphthalein; an aqucou.s solution of secoiidjiry sodium phos- 
phate is alkaline U> methyl orange, and neutral t.> phenolphthalem. An aqueous 
Bolutiou of tertiary sodium phosphate is alkaline to all indieatoi-s. 

A mixture of sodium hydroxide and plio>phorie a.-i.l made in the luoportion of 
one and one-half molocule.s of base to one molecule of acid will react acid to phe- 
nolphthalem and basic to mclbyl orange; moreover, it wUI take just us much Imlf- 

ayy 
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normal acid to neutralize such a solution with methyl orange as indicator as it does 
of half-normal alkali to neutralize the solution with phenolphthalein as indicator. 

Solubility. — The phosphates of the alkalies are soluble in water, and so are the 
primary salts of the alkaline earths. The secondary phosphates of the alkaline 
earths are very difficultly soluble, while the corresponding tertiary phosphates (as 
well as all other phosphates) are insoluble. All phosphates dissolve in acids (cf. p. 51). 


Reactions in the Wet Way 

Use a solution of secondary sodium phosphate for these reactions. 

1 . Sulfuric Acid, dilute or concentrated, produces no visible change. 

2. Silver Nitrate produces a yellow precipitate of silver phosphate 
(difference from metar and pyrophosphoric acids), 

2 HPOr" + 3 Ag+ HaPOr + AgsPOi 

readily soluble in nitric acid and in ammonia. Sometimes white 
AgjHPO^ is formed in this test. 

3. Barium Chloride precipitates a white, amorphous phosphate: 

HPOr" + Ba++-*BaHP 04 

In the presence of ammonia the less soluble tertiary salt is precipitated: 

2 HPO^"" + 3 Ba++ + 2 NH 3 ^ 2 NH 4 + + Ba 3 (POi )2 

The barium phosphates (as well as those of the other alkaline earths) 
ar(‘ easily dissolved by acids, even acetic acid (difference from aluminum 
and ferric pliosphates). From these acid solutions, ammonia reprecipi- 
tates the phosphate. 

Ill pure water HjPO," is dissociated to about O.I per cent, but in the presence of 
acetic acid to a much less extent. BaMP 04 in contact with water furnishes more 
IIPO*”' ions than does HjPO,' in the presence of acetic acid, therefore BaHPO, 
dissolves. Similarly Baj(P 04 )i dissolves in order to establish equilibrium between 
tf^ and PO4 ions. .Vluminum phosphate is less soluble than barium phosphate 
and therefore a stronger acid Is required to dissolve it. 

By adding ammonia the hydrogen ions are neutralized, PO4 ions are obtained 
in equilibrium with Nlh'^ ions, and Ba 3 (P 04)2 Is reprecipitated. 

4. Albumin is not coagulated by orthophosphoric acid. 

5. Ammonium Molybdate, in large excess, precipitates from nitric 
acid solutions, in the cold on standing (more quickly on slightly warm- 
ing) a yellow, crystalline precipitate of ammonium phosphomolybdate: 

H 3 P 04 + 12 (NH 4 ) 2 Mo 04 + 21 HNO 3 
(NH 4 ) 3 P 04 • 12 M 0 O 3 + 21 NH 4 N 03 + 12 H 2 O 

Tliis reaction is analogous to that with arsenic acid (cf. p. 149), except that the 
arsenic compound is formed quickly only at the toiling temperature. The pres- 
ence of ammonium nitrate greatly facilitates the formation of this precipitate. 
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Ammonium pliospbomolybdate is readily solulde in alkalies and in ammonia, 
(NH<)aPO« • 12 MoOa + 23 OH' -» 3 NT!/ + IlPOr" + 12 MoO^" + II HjO 

also in an excess of alkali phosphate solutions, forming compounds which contain 
less molybdenum. It is, therefore, always necessary to prevent the formation of 
such compounds by the addition of a large excess of ammonium molybdate. 


6. Amm onium Molybdate and Benzidine. — Benzidine, Ci 2 H 8 (NH 2 ) 2 , 
is not oxidized by molybdic acid or normal molybdates but it is oxidized 
by the complex pho.sj)Jiomolybdic acid anti l)y the salts of this acid. 
By the oxidation of the benzidine and also ijy the reduction of phospluj- 
molybdic acid, blue compounds are formed. 

Place a drop of the acid solution to lx* tested on a piece of ashlers filter paper and 
upon this a drop of 5 per cent aiiunoniuni inolylnlatc in 0.3 N HXOi and a drop of 
0.05 per cent l>enzidine in 10 per cent acetic acid. Hold over tiie neck of an open 
bottle of strong ammonia; a blue sjwt will appear with less tlian 1.5 y of PjO*. 

7. Ferric Chloride. — If a .solution of sodium phosphate is treated 
with ferric chloride, a yellowish white precipitate of ferric phospliate 
is formed: 

HPOr' + + FePO, 

Hydrogen ions are formed in this reaction, and. as might be expected from the 
mass-action principle, the preeiiiitation of tlie phosphoric acid i.s not quantitative 
unless the greater part of the hydrogen ions are reinnv(;<l. Jins may be accom- 
plished by adding ammonium acetate. f.>r then the hydroK<ni ions must form non- 
ionized acetic acid to be in equilibrium with the acetate ion.s (cf. p. 49). 

HPO," + CjIIjO:' + HCJhO^ + FePO* 

Moreover, if the reaction takes place in a iK.iiing. dilute solution, the exc^s of 
the iron can be precipitated as basic ferric acetate. If the so ution is hltcrcd hot, 
a filtrate is obtained which is free from iron an.! from phosphoric acid. If, how- 
ever, it cooU, some of the inm g-s-s buck into .solution and, siin-e feme fdiospliutc is 
appreciably soluble in ferric acetate solution, some of the phosphoric acid also goes 

into solution. . , ■ in 

Since ferric phosphate, unlike the phosphate.s of the alkaline earths, is insoluble 

in acetic acid, it is evident (bat ph..splmric acid may be removed from a solution 
of alkaline earth phosrd.ate m acetic acid byad<ling ferric chl.^ri.lc and an excess of 

soluble acetate and Ixjiliijg. ... 

To EccomplUh thi«, dtaolve the phosphate io aa little hydrochlone acul a» posa.hle, 

add ammonium carbonate until a aligl.t permanent precipitate w obtained, and d.a- 
Bolva the precipitate by adding 1 or 2 drops of H-normal hydrochloric neid. Add 
an exeeaa of ammonium acetate and ferric chloride, drop by drop, uid, the ao ut.on 
above the yellowiah white precipitate of ferric pl.oaphate m colored diBtinet y brown 
by colloidal ferric hydroxide. Dilute with considerable water, heat to boiling, and 
filter while hot. To detect phosphoric acid in the precipitate dissolve it in nitrie 
acid, evaporate the solution to a small volume, and treat with ammonium molybdate 
solution; a yellow, crystalline precipitate of ammonium phosphom.ilyMate pr|,vca 
the presence of phosphoric acid. Or dissolve the iron precipitate m hydrochloric 
acid, add 2 g of tartaric acid to prevent the precipitation of iron, add ammonia m 
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excess, and then add some magnesium ammonium chloride mixture. A white 
precipitate of magnesium ammonium phosphate shows the presence of phosphoric acid. 

8 . Lead Acetate precipitates white lead phosphate, nearly insoluble 
in acetic acid: 

2 HPO 4 " + 3 Pb-H- + 2 CaHaOo' -> 2 HC 2 H 3 O 2 + 

9. Magnesia Mixture (an aqueous solution of ammonium chloride, 
ammonia, and magnesium chloride) precipitates from very dilute solu- 
tions white, crystalline magnesium ammonium phosphate, MgNH 4 P 04 + 
6 H^O, 

HPO 4 " + Mg++ + NIL — MgNH4P04 

which is soluble in all acids, but practically insoluble in dilute 2^ per 
cent ammonia (cf. p. 273). 

10. Metastannic Acid. — If metallic tin is added to a nitric acid 
solution of phosphoric acid, or a phosphate, the tin is changed to meta- 
stannic acid, which unites with the phosphoric acid, forming an adsorp- 
tion compound. This reaction is often used to remove phosphoric acid 
from an acid solution without the introduction of cations. 

The precipitate has been regarded as metastannic acid and stannic phosphate or 
ns a coinj)lex phosphostannic acid, but Werner Mecklenberg • has shown that the 
phenomenon is one of adsorption rather than true chemical combination. The 
precipitation of the phospiunic acid can be accomplished by the addition of colloidal 
stannic hydroxide, previously formed by the treatment of tin \>ith nitric acid. The 
presence of hydrochloric aeul pcpli:cs or dissolves the adsorption compound so 
that the reaction will not take place if much hydrochloric acid is present. Accord- 
ing to (iottermann and Schindliclmt phosphoric acid can be precipitated from dilute 
hydrochloric sohitiotjs by a cold, concentrated, freshly prepared solution of stannic 
chloride (2 or g Sid.'ii to 0.5 g IlaPOi). 

11. Mercurous Nitrate precipitates from neutral solutions white 
metcurous jiho^phnte, .soluble in nitric acid but insoluble in acetic acid. 

12. Zinc, in tn id solutions, does not reduce phosphoric acid (difference 
from phosphorous and hypophosphorous acids). 

13. Zirconium Oxychloride, ZrOCb, precipitates white Zr{HP04)2 
from .'^lightly ac-id solutions. The excess reagent can be removed by 
adding ammonia which precipitates Zr(OH) 4 , and after short boiling the 
Zr(OH).i and Zr(IIP 04)2 are insoluble in dilute acids. 

DETECTION OF I*IIOSl>IIORUS IN IRO.N AND STEEL 

Phosphorus is present in iron and steel as iron phosphide, but only to a slight extent 
(u>U!dly le.ss than 0.1 per cent). To <letoct the phosphorus it is necessary to oxidize 
it to pho.'plioric acid and then use one of tljc above reactions. Since, however, 


* Z. anal. Cheni., 62, 2tl3 (lOi:'.). 
t Dcr., 49, 2-llG; Z. anal. Oum., 66. 205 (1917). 
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very small amounts of phosphorus are present, it is necessary to start with a large 
amount of the original substance in order to obtain a perceplil)le phospliorus test. 
It is best to proceed as follows: Di.ssolve 5 to 10 g of the iron or steel in (>0 ml of 
6-normal nitric acid,* evaporate the solution to dryness and ignite over a free llaine 
(with constant stirring) until no more red fumes are given olT. .\1\ organic tnufter is 
thereby destroyed, silicic acid Ls dehydrated, and the oxidation of the pliosphonts to 
phosphoric acid is completed. /Uter cooling, dissolve t lie oxides in .>0 ml of 12-norni:il 
hydrochloric acid (warming gently), evaporate off the excess of acid, dilute, and 
filter off the silica. In the filtrate all the iron and all the plmsplioric acid will be 
found, and tlie phosphoric acid may l>e detected by either the nmlybdato or the 
magnesia-mixture reaction. To detect it according to the fortner method, evaporate 
to dryness the filtrate obtained after the removal of the .silica, tiissolvo the re.-iclue 
in as little G-iiormal nitric acid lus po.ssible, add oO ml of ainmoniiiin molylKlate 
solution and 15-20 ml of a 75 per cent amiiioniiim nitiatc .solution, licat the mixture 
gently, shake or stir \dgorou.sly, and allow it tii .stand an hour. A yellow, crystailine 
precipitate shows the presence of pliosphorus. 

To detect the phosphorus according to the magnesia-mixture method, it is neces- 
sary first to remove the greater part of tlic iron. Ncaitraii/.c the hydrooliloric acid 
filtrate with ammonia, add u saturated solution of .'sulfur dioxaic. and lioil the .solu- 
tion, whereby the previously dark-colored .solution i.s either ilccolorized or beennu's 
a light green. Add 20 ml of r2-normal liydroehloric aeiil. and boil the .solution until 
the excess of sulfur dioxide is expelled. By this operation all the ferric salt is reduee<l 
to ferrous .salt. Add a few drops of <’hloriiie water (whiidi forms a little* ferric salt), 
neutralize with ammonia, and dilute ti>:ib..ul a liter; ad<i 2 ml of a saturated .solution 
of aminonmm acetate and 5 ml of acetic aei<l. and lieat the .solution to boiling. All 
the ferric salt and all tlio pliospliorie ;ui.l will be pieeii)ifale<i in the form (if ferric 
phosphate and basic ferric acetate, while tla^ great<*r [lart of the iron remains in 
solution as ferrous salt. Filter off flie ligl»t brown preeirutate through u small 
plaited filter, wash it with Ijot writer, and di.ss<*lvc in dilute liydroehloric aeiil. Lvaii- 
orate tlie solution almost to dr^'iiess, jidd 2 g of citric for tartaric) acid (which should 
Iw dis-solverl in us little water a.s possible), nd-l an excess of ammonia, and i)recipitatc 
the phosphoric acid by tlic a<lditi'>ii 'if magnesia ini.xlurc. \ white, cryotalliiic 
precipitate shows the pre.sence of pliosplioric arid. 

KftudoHH in llic Dry U ay 

The* tertiary waits of tfic alkulios melt without doootnpo.sition; the 
secondary salts lo.se water and arc cliariged to pyroplio.sphates while 
the primary salts form a niolaphosphatc. 

The so-callcd “salt of phosphorii.s,’’ or “ microco.sinic .‘rail,’’ 
NaNH4HP04-4 H/J, which is tmich used u-s a reagent, lo.ses water 
and ammonia on being fu.scd, forming a clear glas.s of sodium meta- 
phosphate: 

NaNH4lIP04 *4 II/J 5 IhO | + Nil,, t + NaPO, 

If the salt is heated in the loop of a platinum wire, a clear bead is 
obtained — the so-calhai “ salt of pliosplioi us ” bead. 


•If the Humple were dissolved in HCl or HySO,, part or all of tlic {diosphoras 
would escape us phosi>hiije instead of being oxidized to lijPOi. 



404 


REACTIONS OF THE ACID CONSTITUENTS 


Just as metaphosphoric acid unites with water, on boiling its solution, 
forming orthophosphoric acid, 

HPO3 + H2O H3PO4 

so sodium metaphosphate dissolves, at the fusion temperature, a great 
many metallic oxides, forming characteristically colored orthophosphates, 

NaPOa + CuO — » NaCuP 04 (blue bead) 

which may be changed in the reducing flame to metaphosphate again : 

NaaiP 04 + C CO + Cu + NaPO» 

Browniab ral op&que bead 

Many anhydrous phosphates are reduced by heating with magnesium 
to phosphides, which, on being breathed upon, give the peculiar odor of 
phosphine: 


Ca3(P04)2 + 8 Mg ^ 8 MgO 4- Ca^P^ 
Ca<,P 2 + 6 H 2 O 3 Ca(OH )2 + 2 PHj t 


Hypophosphoric Acid, H^PsOe 2 H 2 O 


Preparation and Properties. — This ucid, wliich is of some iiiiportuiicc in anaJytical 
chemistry, can be formed by the slow oxidation of wliite phosphorus in moist air, 
by heating white phosphorus with copper nitrate solution, or by anodic oxidation of 
copper phosphide in dilute sulfuric acid. By careful neutralization with sodium 
carbonate and sodium acetate, the ditficultly soluble acid salt, NajHiP-iO# • 4 UjO, 
crystallizes out. It is also possible to prepare crystals of Na3lIP:06 • 9 II jO and of 
Na4P20« . 10 H 2 O. 

The free acid crystallizes in orthorhombic needles corresponding to the composition 
H4p20e • 2 H20. Its solutions are strongly acidic although the conductivity indi- 
cates only slight ionization, \\ hen all four hydrogen atoms are replaced by sodium, 
the compound formed hydrolyzes in aqueous solution to give a distinctly basic 
reaction. 

From molecular-weight dcterminiition.s, it ajjpears that the formula H^P-On is 
better than IIzPO* altliougli in some ca.s(« (he .-imple molecule undoubtedly exhts. 
The structure is usually us.sumed to be (110^;0P • POfOIl)”. 

The acid has a strong tendem-y U> f<»rm mixed salts with alkali and zinc, copper. 


manganese, etc. 

Thorium Hypophosphate, TliP.O,,, is in.solublc in .stmrjg hydrochloric acid, and for 
this reason hypophosphoric acid has l>ccn u.>ed to separate thorium from other rare 
earths. Quadrivalent titanium, zirconium, and cerium give similar precipitates in 
acid solutions, but the thi.rium precipitate, unlikp yirconium hypophosphate, Ls not 
soluble in oxalic acid and is precipitated in (he presem-e of hydrogen peroxide which 
prevents the precipitation of titanium by oxi.lizing it to pertitanic acid and of cerium 

by reducing it to cerous salt. 

The polarity of pho.sphoru.s i.s + i irr hypophosphoric acid but it is not easily 
oxidized. It does not reduce gold or silver solution and it is not acted upon by 
hydrogen peroxide or chromic acid in aqueous s<.lutions. If permungai.ute ts added 
to hypophosphoric ucid in the presence of considerable sulfuric acnl, the purple 
color of the permanganate remain.H unchanged for some time. If, however, the 
solution is heated it is suddenly <lecolorizcd ami the following reaction takes place: 

2 MnO*' -1- 5 -f 0 IP + 2 H ^O - 2 Mn-^ + JO IhPO» 


Hypophosphoric acid is not reduced by zinc and dilute sulfuric acid (difference 
from H,PO, and H,PO.) and gives with silver nitrate a white precipitate which docs 
not darken in the light (difference from HjPOj and IliPOj). 


40.5 



PHOSPHORUS, P. At. Wt. 31.02, At No. 16 

Mol. wt. P4 124.0S. M. P. 44.1'’ 

Occurrence. — Phosphorus is found in nature only in the form of phosphates, of 
which calcium phosphate is the most important. It occurs as apatite, 
Cas(P04),(Cl,F), in hexagonal crystals, and in an impure state as phosphorite, 
which is used extensively as a fertilizer. Calcium phosphate is also an important 
constituent of bones and the seeds of plants. 

A very interesting occurrence of phosphorus is pyromorphite (cf. p. 110), iso- 
morphou-s with apatite, vanadinite, and mimetesite. 

I’roperlies. — Phosphorus exists in four allotropic forms: (a) Ordinary or color- 
less phosphorus, (b) Red, crystalline phosphorus, (c) Bright red phosphorus. 
(</) Black, cr>'stalline phosphorus. 

Ordinarj’ phosphorus is poisonous, is colorless when pure (it becomes yellow on 
exposure to the light, and is coated wth a layer of red phosphorus), melts at 44 C, 
and ignites at CO® C in the air, so that it must be kept covered with water, in which 
it is insoluble. It is readily soluble in carbon disulfide, and slightly soluble in ether. 
It is eiisily oxidized by nitric acid to phosphoric acid: 

3 P« + 20 IINO3 + 8 HiO 12 Ha»04 + 20 NO t 

The colorless phosphorus, but not the red modification, is oxidized to hypophos- 
phorou.'s and phosphorous acids by exposure to moist air. This causes the charac- 
teristic phosphorou.s odor, and, in the dark, a pale green luminescence. If phosphorus 
vapors, or phosphine, are allowed to act upon moist silver nitrate paper, they 
blacken It, on account of the formation of silver phosphide and metallic silver. The 
reaction probably takes place in this way: First, the phosphorus reacts with water 
to form phosphine and hypophosphorous acid, 

P4 -b G HiO 3 HjPOj -b PH* T * 

which then react >\ith the silver nitrate: 

HzPOi -b 2 lUO -b 4 AgNOs 4 HNOj + H3PO4 + 4 Ag 
PHj -b 3 .\gNOs 3 HNO3 -b AgzP 

This exceedingly .sensitive reaction for colorless phosphorus was discovered by 
fScheuer.t It is a decisive tost only when no other substance is present, such as 
IhS, lla.\s, HjSb, formaldehyde, or formic acid, which is capable of reacting with 
silver nitrate. 

R(d phosphorus is crj'slalline (hexiigonal, rhombohedral), and is formed by heating 
ordinary phosphorus to about 250® out of contact 'with the air. It is not poisonous, 
is insoluble in carbon disulfide, and docs not ignite until heated to 256®. It is 
non-luminous in the dark, does not oxidize in the air, but is readily oxidized by nitric 
acid to phosphoric acid. 


* Phosphorus and water by themselves do not react in accordance with this 
equation, but it seems probable that they do in the presence of silver nitrate, 
t Ann. Chein. Phys., 112, 214 (1859). 
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Light-red phosphorus is obtaine<l, according to Schenk,* by heating a solution of 
white phosphorus in phosphorus tribrooiide for hours with a return-flow condenser. 
The phosphorus which theu separates is of a light red color, is not poisonous, but 
enters into reaction so readily that it is easily distinguished from red phosphorus. 
It dissolves in concentrated potassium or sodium hydroxide with a stormy evolu- 
tion of phosphine, the reaction taking place even more readily than with white 
phosphoru.s. When covered with ammonia, it blackens. 

Black phosphorus is obtained when red phosphoru.® and lead are heated together 
in a sealed tube to a red heat and the mass treated with dilute nitric acid after it is 
cold; the lead dis.solves and leavc.s the phosphoru.s as black phosphorus. By heating 
to 300° it is changed to ordinary phosphorus again. 

Phosphorus is found in a great many organic substances. In order to detect its 
presence, the compound is heated in a sealed tul>e with fuming nitric acid, which 
destroys the organic matter and oxidizes the phosphorus to phosphoric acid (de- 
tected by any of the above reactions). 

Arseniou.s, ai-scnic, and chromic acid-s wliich also belong to this group 
of acids, have already been de.scribed on p]). 143, 147, and 190. 


SPECIAL PROCKDIJKES FOR PHOSPHORUS 
Mitscfierlich Test for IF/iife, Poisonous Phosphorus^ 

This sensitive te.st is based upon the luminescence of white pho.sphorus when 
cxpo.sed to moi.st air in the dark. It is u.'icd to detect phosphorus in cases of poisoiiing 

Procedure. — Place the food residues, or finely cut pieces of the body, in the liter 
flask K (Fig. 17) and luhl etiough water to form a thin pjustc. TheJi, wljile shaking 
the flask, add tartaric arid t»i slightly acid reaction, in order to combine with any 
ammonia present. Connect the lube R with the flask and lioat the contents to boil- 
ing. Carryout this operation in a dark room. .Vs llie vapors condense in the tube .1, 
a greenish luminou.s zone is vi.sible even wlien only a few milligrams of phosphorus arc 
present. If larger c|uan(ilics of pho.sphonis are at liand, the distillate in tlie (hu^k li 
contains tiny glol>ules of pho.sphoriw wliicli, by gently houtitjg and rotating t he liquid, 
can be made to collect into a larger drop; the aqueous solution also cimtains phos- 
phorous acid which can 1x5 detected by the metluKl of Blondlot-Dusart (see p. 408). 

If, therefore, the lutninosity is ap])aretit <ltiriiig the distillation in the dark, thru 
the presence of wdiite phosphoriLs is proba)>le l>ut not certain, bccau.se ptio.si)hoi us 
subsulfide, PjSa, sornetinies usc<l as a substitute for pliospliorus in tlic manufacture 
of mutches, will often cause luminescenire in the Mitscherlich apparatus! c.specially if 
a little zinc oxide is uddcxl to the liquid in K to combine with 11:S, which tend.s to 
prevent the luminescence. 


*Ber., 36, 979 (1903). 

\J. pr. Chem., 66, 238 (18.W). 

i I. Mai and F. Schaffer, Bcr., 1903, 870; L. Vignon, BuU. soe. chem. 13], 33, 
805 (1905), and Schenk aii<l Scharff, Ber., 1906, 1522. Not all commercial prepara- 
tions of P,S, show lumiric-scence in the Mitscherlich apparatus. Thus a sample from 
Kahlbaum did not show the slightest lumine-sccnce by baling with water or with 
concentrated salt solution. It was very pure and contained 55.82 per cent P and 
44.14 per cent S. 
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If the luminescence is not apparent, it is not certain that white phosphorus is 
absent; traces of ammonia, hydrogen sulfide, alcohol, ethereal oils, and unsaturated 
hydrocarbons interfere with the test. In such cases it is advisable not to stop dis> 
tilling too soon, as it often happens that the interfering substances will distil over and 
then the luminescence will appear. If no luminescence is noticed, examine the diH - 



Fic. 17 


tillatc. Treat a part «if it with strong chlorine water, evaporate to small volume on 
tlic \vatpr-l)af li. ind tlion ttat for phosphoric acid. Cf. pages 400 and •102. 

According to .i Peset* the luminosity is very distinct in the flask if the liquid 
is heated to boilitjg, allowed to cool somewhat, and again boiled. In this way 
0.004 mg of phosphorus can be detected. 

DETECTION OF PHOSPHORUS AND PHOSPHOROUS ACID 
according to BLONDLOT-DUSARTt 

This beautiful method is l)ased upon Dusart’s observation that hydrogen con- 
taining phosphine, when allowerl to flow from a tube pro\ided with a platinum tip, 
will burn with a flame having an emerald-green core. The green color is particu- 
larly apparent upon bolding a cold porcelain dish in the flame. 

Since phosphorus, phosphorous acid, and hypophosphorous acid (not phosphoric 
acid) are easily reduced to phosphine by zinc and dilute sulfuric acid, it is merely 

♦ Z. anal. Chem., 48, 35 (1900). 

tL. Dusart, Compt. rend., 43, 1126 (1856), and Blondlot, J. pharm. chim. [31, 
40, 25 (1854). 
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necessary to pass the evolved gas through a tube with a platinum tip, and light it 
when all the air is expelled; the merest trace of phosphorus is recognized by the 
green color. 

Inasmuch as organic matter can prevent the appearance of the green flame, the 
phosphorus is first separated from it us follows: Place the solution containing the 
phosphorus, or the distillate obtained by the Milscherlich test, in a gas-evolution 
fiask, add zinc (free from phosphorus) and dilute sulfuric acid (1 :7), and pass the 
evolved gas into a neutral solution of silver nitrate; if p)io.-])huius i> ine.sent a 






black precipitate of silver phosrd.idc is (.btuined, wbi<h. if hydrogen sulfide was 
present, may contain silver sulfi.le. Filter olT this inocipitate, wash U well with 
water, and place it in the Bhiiidlot apparatus (Fig. 18). In the .'iOb-ml Wimife 
bottle. W, generate hydrogen by means of zine. free from phosphorus, and dilute 
sulfuric acid (1 -7) The tube U cronlain.s pieces <.f pumice wet with concentrated 
potassium hydroxide solution. After the air is entirely expelled from the apparatus, 
close the pinchcock a, which cuu.«es the acid t.. rise into the reservoir T (u bottle 
with the bottom cut off). Now «»pc->. the cock a wide enough to permit a steady 
stream of hydrogen to pas-s out from the delivery tube, which is made of potash- 
glass and is provided with a platinum tip.* The flume fr.iin the lighted gas should 

not lie too large. , , i - , - 

If the flame sliow-s no green luminescence in the dark when a porcelain dish is 
held in it, then the hydrogen gas is free from phosphorus and cun be used for the 
test. Rinse the lilack silver precipitate through T into the bottle IF. If the prt- 
cipiUte contained phosphorus, the core of the flame becomes green, partieuhirly 
noticeable upon holding a porcelain dish in it. Any hydrogen sulfide evolved collects 
in the U-tube, U. 

A small blowpipe tip can lie u.sed here or. still better, a cylinder made by rolling 
together some platinum foil. 


410 


REACTIONS OF THE ACID CONSTITUENTS 


Since both the Mitscherlich and the Blondlot>Dusart tests give indications not 
only of white phosphorus, but abo of phosphorus subsulfide, it was desirable to 
have a test to serve for the identification of white phosphorus with certainty even 
when the sulfide is also present. For this purpose, R. Schenk and E. Scharff* 
make use of the property that white phosphorus has of ionizing the atmosphere, a 
property which the sulfide does not possess. They use the Elster-Geitel apparatus 
for this purpose. For details of the test the original paper must be consulted. 


* R. Schenk and E. Scharff, Ber., 1906, 1522. For the detection of white phos- 
phorus in the presence of hypophosphorous and arsenious acids see A. Leclive, 
Chem. Zentr., 1912, I, 6S4. 



Thiosulfuric Acid, H;S;Oj 

This very unstable acid, in which one atom of sulfur has a positive valence of six 
and the other a negative valence of two, is soon decomposed, even in dilute aqueous 
solution, into sulfurous acid and sulfur: 

H,S;0, ^H.SOj + S 


Free thiosulfuric acid is unkno\\Ti in the pure state although in absolute alcohol 
the following reaction can take place: 

H 5 S (dry) + PbS.O, (dry) = PbS + HAO, 

When an aqueous sohition of a thiosulfate is treated with acid, it soon becomes 
turbid from precipitation of sulfur whidi. it. tins ease, often appears ycll..wish. The 
salts of thiosulfuric acid, the thiosulfates, are imieh more stable than the free acid. 

Thiosulfuric aei<l has Irx-eii errom-nu>ly ealle«I Ixipo^'ilfuroxa and, and this wrong 
nomenclature still causes much confusion in eliemical lit.Tature (ef. p. 3oG). 

IhjposiUfurous acid. — Iivpu.siUfuroii.s nei<l teidl\ M.SjO, and was hrst prepared 
by Berthollet in 1780 when he showe.l that uhen in.n wo-s left in contact with an 
aqueous solution of sulfur dioxide it dissolved without any evolution of hydrogen, 
and Schonbein later showed that the acid had .strong re.lueing properties; the s<KlMim 
salt today find-s commercial iLse for that reason. This wa.s fii>t obtained by .-chutzen. 
berger, in 1809, by the action of zinc on a eoncentrafed .s(.lution of sodium bi.sulhte 
and separating it from the .sulfites by fractional pieeipif.it ion . 

Zn + 4 XallSOj - Xa.S.O, + /.nSO= + Na:S()j + 2 ILO 

A solution of the free acid can be obtained by aihling oxalic acid to .sodium hypo- 
sulfite solution. This solution has a yellow color and decomposes into free sulfur 

and sulfur dioxide: ^ 

IleSjO^ H.O + S + 


Formation of Tliio.-iulftitoii 

1. By boiling sulfur with an alkali or alkaline eartl. hydn.xide: 

4 3-1-6 oir — + •'* 

Thb reaction ie analogous to the action of the halogens and of phosphorus u,|on 
hydroxides, forming el.l..r,.le au.l hypo.lil..r.,l.-, ,, hosph.de (pl,o.,,h.n. ) .u.d hj|,o- 

phosphite, etc. (cf. pp. 3bo aiul -Hi'Z)- 

2. By boiling sulfites with sulfur: 

SO," d- s — s.or 

3 . By treating alkali polysulfides .vith alkali sulfite in the cold: 

Na.Si + 4 Na;SO, 4 NajSiO, -f- Na^S 

4. By the oxidation of polysulfides: 

2 Nu.S, + 3 O, -» 2 NuiS.O, 

This last reaction take.s place on boiling the solution of polysulfide in the air or 

very slowly on standing. Yellow ammonium pi.lysulfide is changed, on s a g 

Id the air, into ainmoDium tbiosulfate with <Jcpo:>itJon o i*u ur. 
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Aqueous solutions of alkali thiosulfate usually become turbid on standing. This 
has been attributed to the action of COj but in most cases it is caused by bacteria. 
Sterile solutions of thiosulfates are quite stable. 

The most important commercial thiosulfate is the sodium salt NajSjOa • 5 HjO, 
the well-known “ hypo " of photographers. 

Solubility. — The thiosulfates of the alkalies are readily soluble in water, the re- 
maining ones are difficultly soluble; many of them dissolve in an excess of sodium 
thiosulfate, forming complex ions. The thiosulfates of the metals of the silver and 
copper groups are decomposed, os a rule, into insoluble sulfide by contact with boil- 
ing water so that sodium thiosulfate can replace hydrogen sulfide as a precipitant in 
many cases. In this respect, however, it is not so efficient as ammonium thioacetate. 


Reactions in the Wet Way 

Use a solution of sodium thiosulfate for these reactions. 

1. Sulfuric Acid. — Both dilute and concentrated sulfuric acid de- 
compose thiosulfates, with deposition of sulfur. 

2 . Silver Nitrate produces a white precipitate, which rapidly becomes 
yellow, brown, and finally black, owing to the formation of silver sulfide: 

SoOa'" + 2 Ag+ ^ AgoS^Os 
■Ag2S203 -|- H3O — ► H2SO4 -h Ag3S 

Silver thiosulfate is soluble in an excess of the reagent. Difficultly 
.soluble NafAgSsOs] is at first formed, 

AgsSsOa + S2O3 — y 2 [AgS203] 

wliicli combines with more thiosulfate, forming a soluble complex salt: 

2(AgS203]' + S2O3" -> [Ag2(S203)3]"' 

But I'y l)oiling the dilute solution, silver sulfide is precipitated: 

[Ag2(S..03)3]"’ SsOs" + SOi~~ + SO2 T + S -H AgsS 

.Many other metals behave like silver, especially those of the hydrogen 
suHidc group. Thus copper, mercurous, and tin salts are precipitated as 
sulfides by I)oiling the acid solutions with sodium thiosulfate.* 

3. Ammonium Molybdate, in 10 per cent solution, mixed with an 
equal volume of tliiosulfate solution and poured upon some concentrated 
sulfuric acid in a test tube, .gives a blue ring at the contact zone. 

4. Barium Chloride in excess produces a white, crystalline precipi- 
tate of barium thiosulfate.t difficultly soluble in cold water (500 ml of 
water at 18® dissolves about 1 g of BaS-Os), but fairly soluble in hot 
water. 


* Z. anorg. Chem., 28, 223 (1002). 

t Rubbing the inside walls of the test tube hastens the formation of this precipitate. 
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5. Cupric Salts are reduced to colorless cuprous compounds, with 
the formation of sodium tetrathionate: 

2 S 2 O 3 ” + 2 Cu++ ^ Cu 2 ++ + SiOc~~ 

The unstable cuprous sulfate immediately acts upon more thiosulfate, 
forming sodium cuprous thiosulfate: 

Cu2++ + 2 S..O.r' [CusCSsOa)-]"' 

If the colorless solution of the cuprous suit is treated with caustic potash solution, 
j’ellow cuprous hydroxide is in some cases formed immediately, in other cases only 
on standing or on warming. The precipitate hecornc.' darker colored on being boiled. 
If the solution is acidified and boiled, black cuprous sulfide Is precipitated. 

The colorless solution of the cuprous salt al.so gives with potjissiuiii ferrocyanide 
a white (usually a light pink) precipitate of cupn>u< ferrocyanide. 

6 . Ferric Chloride produces, in solntion.s of .'^odium thio.snlfate, at 
first a dark violet coloration (perhajxs terric thio.sulfatc), ^vhicll disap- 
pears after some time, leaving a eolorle.'^s solution containing ferious 
chloride and sodium tetrathionate: 

2 S.O/' + 2 Fe-*-^ -> 2 Fe-*-*- + S40r" 

7. Iodine Solution is decolorized by a thio.sulfate .solution: 

2S2(V + 

The iodine is reduced to h)dine anions and (li<- thiosulfate ion is oxidize<l 
to tetrathionate ion. 

Chlorine and bromine in excess (cf. p. 310) act quite dilTercntly upon thiosulfates. 
If chlorine (or bromine) is conducted into a solution of soiimm thiosulfate, a ctm- 
Biderable precipitation of sulfur takes place, wlncli. upon fiuthcr action of the halo- 
gen, disappears: 

SiOi" + H:0 -1- Cb -^2 Cr +2 11 ^ + SO, + S 
S -l-'4 iiiO + 3 Cli — S 11^ -b 0 Cr -H SO, 

8 . Lead Acetate precipitates white lead thiosulfate, soluble m an 
excess of the alkali tliiosulfate. On boiling the solution a voluminous 

precipitate, consisting of lead sulfate and lead sulfit e i.s oiim • 

9. Permanganate is at once d.-eolorized l)y an and solution of thio- 
sulfate. The complete oxidation of the thiosulfate .-orn-sponds to the 

formation of sulfate : 

8 Mn04' + 5 S.Or" + 1^ II^ -> 8 Mn-*-+ + 10 SO, + 7 ILO 

10. Potassium Chromate in acid solution is at once reduced to chromic 
salt: 

8 CrO.-- + 3 S/),- + 34 H+ - 8 Cr+++ + C SO." + 17 Il.O 
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In neutral solution a brown precipitate of chromic hydroxide and sulfur 
is obtained: 

2 Cr 04 '“ + 3 SaOs'” + 5 HsO 3 SO^" + 4 OH" + 3 S + 2 Cr(OH )3 

11. Potassium Cyanide. — BoUing a solution of a thiosulfate with 
potassium cyanide and caustic soda transforms the thiosulfate into sul- 
fite and the cyanide into thiocyanate: 

S.Oa"" + CN"-»S03" + CNS" 

On acidifying the solution with hydrochloric acid and adding ferric 
chloride, the blood-red color of ferric thiocyanate is obtained (difference 
from sulfites). 

12. Sodium Nitroprusside which has been exposed in aqueous solution 
to air and sunlight until the solution is brown, or which has been treated 
with one or two drop.s of potassium ferricyanide solution and a like 
(juantity of sodium hydroxide, gives a deep blue coloration which, on 
standing, heating, or the addition of a little potassium ferricyanide, is 
intensified (dilTerencc from sulfites and tetrathionates). 

13. Strontium Chloride produces a white, crystalline precipitate, but 
only in very concentrated .solutions (3.7 ml of water at IS® dissolves 1 g 
of SrSiOa). 

11. Zinc, in acid solution, causes the evolution of hydrogen sulfide 
and formation of sonic hydrosulfurous acid, fl 2 S 20 j, in solution: 

3 Zn f- 2 4- G 11+ 3 Zn++ -h 1128204 + 2 H 2 O + 2 H 2 S T 

f ■). Zinc Salts produce no precipitate (difference from sulfides). 

U). Zinc Sulfate and Sodium Nitroprusside produce no red coloration 
(difference from MiUites). 


DKTKC I ION 01 sn 

■mi: riu:s 


rtltOUS AND TIIIOSULFURIC ACIDS IN 
KNCE OF HYDROGEN SULFIDE 


Method of E. Votocek.* f'rir.ciple. — .Alkali sulfites, sulfides, and polj'sulfides 
in sliftlitly iilkaliiM' solution will decolorize fuelisin, malachite green, or a mixture 
of these two dycstufi'. It a solution of acetaldehyde or of formalin is added to the 
decolorized solution, the c<»lor leturn.s. Sulfhydrates, thiosulfates, and tiiioDatcs do 
not decolorize a solution of the aliove dycstulfs. 

Reagent. Dissolve 0.02o g of fuehsin and 0.025 g of malachite green separately 
in 100 ml portions c»f water. Mix throe volumes of the fucltsin solution with one vol- 
ume of the malacliite green .solution. 

Procedure. — It is assumed that the solution is slightly alkaline. Test the solu- 
tion first for sulfide (nion(»sulfide. sulfhydrate, and polysulfidc) bj' treating a little 
of it with 2 or 3 droj)s of sodium uiii-oprusside solution. A reddish violet color shows 


* Bcr., 40, 414 (1907). 
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the presence of the sulfide anion. If sulfide is present, treat tlie remainder of the 
solution witli cadmium carbonate, shake vigorously, and allow the eadmiuni sulfule 
to settle somewhat. Filter and test a new portion of tlie filtr.-ite with .-odium nitro- 
prusside to see if all the .sulfide ha.s been removed. When the sultiile ha.-; been re- 
moved or proved absent, treat the remainder of the filtrate with a drop of jiiienol- 
phthalein solution and introduce carbon dioxide ga.s until tlie .solution is docolori/ed 
by it. Take 2 or 3 ml of this colorless solutiim and test it with 2 or 3 drops of the 
fuchsin-malachite-green reagent. If the .solution of the dycsfufT.s is decolorized, a 
sulfite is pre.sent. To the remainder of the solution add a little rlilufe hydrochloric 
acid, boil a few minutis, and notice wlietlier tlicrc is any depo.-ilion of sulfur. If 
the solution remains clear, no tliiosulfato is present. 

This is the best method for detecting a sulfi<le, a sulfite, and a (hio.siilfate in the 
presence of one anoflier. 

Method of Autenrieth and Windaus.* — 1'ho three aci<ls are :i.«.«ume(l (n be pre.<ent 
together in solution in the fortii of their alkali salts. 'I'leat the fuirl\ coiiecntrated 
solution with cadmium earl)oiiafc, shake, and filter olT tlio excess cadmium earl)nnate 
and any cudniium sulfide which will lie fornuHl if a sulfitle is pre.-eut. lieat (he 
filtrate with strontium nitrate solution and allow if to stand over night, f ilter olT 
any strontium sulfite that may lie formed and wu>li if with a little cold water. Jf 
the strontium sulfite is treated on the filli'r with dilute liydroelihirie aeiil, sulfilKUis 
acid goes into solution, whieh eaii l>e deleeti-d l»v its pmperty of deeoliu i/.ing an 
iodine solution. The f Idosulfate reinains in theliltiafe from tlie stiontium siilfit<‘; 
it can be detected l>y aeiilifying with hyilroehloiic acid and wariiung, when sulfur 
will be deposited. 


SolulAlUy of Suljiu.s an<f Thiosulfm- ■ of (he Mhiliio Korlhs iu fFuter 

Sulfite Tliio,«iilf;ife 


Calcium I ■ * •" 

Strontium f • 3U,IH)0 1 : 3,7 

Barium 1 : 4.S0 


Uftn tUms in thr Itry It <iy 


The thiosulfutf's of tin* ttlknlies, 
the air, are changed info .sij|ftit<‘ 
sulfide and sulfur: 


on being: iieafed out of eonttiel with 
and poly.'^iillide, and flic latter into 


4 Ka.S/>3 - 


3 Xa jSO, d- Xa.S-. 

-> Xa,S + IS 


If this reaction is perforniefi in j» eIo.--e( 
obtained {diffentnee from .siilfite.-t) ; and 
sulfide if treated witfi aeid. 


1 tube, a snbliinale 
the re.sidiie yield.s 


4i 


f sulfur i.s 

|j3(lrogen 


• Z. aruil. Ckcm., 1898. 2ff 
ence of thiosulfate, cf. F. I'.. 


n. For another method of delei fing sulfite in tlie pres- 
Wc.'toii, Chtm. Zinlr., 1910, 1, 



GROUP V 


Silver Nitrate produces no precipitate in acid or neutral solutions. 
Barium Chloride, also, causes no precipitation. 


Nitric Acid, HNO, 

Occurrence. Nitric acid is found in the form of nitrates in small amounts almost 
everywhere in nature; thus the ammonium salt is found in the atmosphere and in 
soils; the calcium salt is found In old masonry; the sodium salt is found in rainless 
localities, particularly in Chile (Chile saltpeter). 

Nitric acid is the final product of the o.\idatiou of ammonia; it is found wherever 
nitrogenous organic substances have been subjected to decay, forming ammonia. 
T\ ith the help of microorganisms {Monas nUrificans, according to Winogradsky) the 
ammonia is changed first to nitrous acid, 

2 NHj + 3 O, 2 HjO + 2 HNOi 
and by further oxidation to nitric acid: 


2 HNOi + HNO, 

Properties. — Pure nitric acid is a colorless liquid, with a density of 1.54 at 20®. 
It has been condensetl to white crystals below -41®, and on melting there is slight 
decomposition into II2O and N3O4. At 8t>® it begins to boil, with decomposition, 
giving ofT its anhydri<le, which sufTers further decomposition into nitrogen dioxide, 
iNOj (brown fumes), .-.,,,1 oxygen. By the constant loss of N,0*, the nitric acid be- 
comes more ami more dilute and tlie boiling point constantly rises, until at 120.5® C 
it rcinams constant; nitric acid of density 1.411 distils over, forming a 68 per cent 
and. If a mcHc dilute acid is subjected to distillation, water is at first given off, 

t \c boiling point constantly rising until 120.5* C is reached, when a 68 per cent acid 
again uisiils unrhangod. 

Red, fu/ning nitric arid -4 obtained by conducting NOj into the colorless, concen- 
trated acid. In its most concentrated condition it possesses a density of 1.55. 

I 1 1C fuming ri^cid is treated with water, it is colored green, and vapors of nitric 
0x1 e aie gnen oiT, which arc colored brown on coming in contact with the air. The 

isso vcc NOj (or, belter, X;0,), being a mixed anhydride, is changed into nitric 
and nitrous acids, 


N.o, + H.O -* riNOj + HNO, 


and the nitrous acid, owing to the heat 
with evolution of nitric oxide. 


of reaction, is partly changed into nitric acid, 


3 IINOi — H2O -f- HNO3 + 2 NO t 

anil 

2 NO + O2 — ♦ 2 NO3 1 (brown vapors) 

Nitric acid is a strong oxidizing agent (cf. p. 61). It is monobasic, and, like the 
halogen acids, is one of the strongest acids (cf. p. II). It forms stable salts, all of 

410 
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which are soluble in water; but a few of tliem are changed by water into basic salts 
(cf. bismuth and mercuric salts), insoluble in water, but soluble in dilute nitric acid. 

Nitric acid oxidizes and dissolves all metals except chromium, aluminum, gold, 
and the platinum metals. It forms nitrates except with tin, antimony, and arsenic. 
With copper, silver, lead, and mercur>’ the usual reaction is to form the nitrate of the 
metal and nitric oxide, NO. With zinc the products vary with the conditions; as 
reduction products NOj, NO, N 2 , NIIiOH HNOG, and NHiXOj are formed de- 
pending upon the concentration and quantity of acid u.<ed. Ferrous hydroxide can 
cause complete reduction of the nitrate Ion to amiuotiiu, but in the presence of 
sulfuric acid, ferrous sulfate causes reduction only to nitric oxide. Carbon (not 
graphite) is oxidized to CO 2 by Lot, concentrated acid. Oxalic acid is oxidized to 


water and CO 2 . H<Fe(CN)8 is oxidized to HjFe(CN)« and then to nitroso- 
ferricyanic acid, H.Fe(CN)»NO, of which the sodium s;dt, Na:Fe(CX )t,N() • H>0, 
is commonly called $o<Jiion nitroprui^siJe and is used :is reagent in <lctccting sulfur. 
HCNS is oxidized by nitric acid, and the .sulfur i.s ctmvci tcil to sulfate. Phosphoru.^ 
and its compounds in which the phosphorus has a valence lowei' than five are oxidized 
to H,PO«. Hydrochloric acid and nitric aci<l form mpia icgia whi*h decomposes 
into NO and Cl* or into NOCl at.d Cl... IIydrol>iMmic acid is oxidized to free liro- 
mine, but with hydriodic acid the iodine whii’h is fust formed is oxidized to IJlOj 
by strong nitric acid. 


Hftielion.s iit f/«c fffi ff ay 

Sinc^ nitric acid docs not form cl.aracteristic in.-.lublc salts, it cannot be detected 
by means of precipitutiun; its identification depend.- uiK)n its oxidizing action. 
Great cure must l;c exenisod before deeidinji whoOier this ueid is pre.<eii(» for other 
oxidizing substances give similar (in some cases the same) rcactioJi.s. 

1. Dilute Sulfuric Acid gives no n'acfion (ililTm-ncf fniin nitnm.'? 
acid). 

2 . Concentrated Sulfuric Acid wl,.-.! l.c atc-d wiHi any nitrate eaiise.s 
evolution of ycllowi.d, l.rmvri vii|.nrs of NO., will, a eliarueterislie 

penetrating odor. . . 

3 . Silver Nitrate and Barium Chloride c ause nn irieeipitatiun. 

4. Brucine Reaction. Remrnt. - Dissolve 0.2 k of linien.e in 100 ml 

of pure concentrated sulfuric acid.* 

Procedure. - Mi.s tl.c solution to bo tested f..r nilrir ..rid will, ll.ree times its 
volume of pure, eoneel.trated sulfuric arid, ..ml ...Id I ...1 fr.’sM.v p..'l«.re.l b, uri ,e 
solution. If nilrir arid is ,„«cnt. a r.-d reloralion ,„.irkly ...s, ,vl,„-l. ly 
changes t„ orange, then slowly (o Ion, on ..r gold yolh.w, an.l l,..,.lly la-ron,,-. g eenrsh 
yeUoiv, Nitroli ^cid does no. give Ihi-s rcae.ion prov.ded ,1 is 

f-e., dissolved in concentrated sulfuric arid. Aqueous so u lo is . , . 

yield a snatll amount of nitric acid when acidified with sulfur.e and, and con.sequently 

a bttle nit,-ic arid, ff tfm - 1 .- 1 ™... .irM 
to density 1.4 and boiled for some li.nc in a plalinum dish, all UNO. and UNO. can 
be removed. 


Lunge, Z. angew. Chemie, 1894, 348. 
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5. Diphenylamine Reaction (tbe Lunge test).* ReageM . — Dissolve 
0.5 g of diphenylamine in 100 ml of pure, concentrated sulfuric acid 
diluted \vith 20 ml of water. 


Procedure. — Place a few ml of the diphenylamine solution in a test tube and 
carefully cover it with the solution to be tested. If nitric acid is present, a ring of a 
beautiful blue color is formed at the zone of contact between the two liquids. 

This ver 5 ' sensitive reaction is, unfortunately, also caused by nitrous, chloric, 
and selenic acids, ferric chloride, and many other oxidizing agents. Even fuming 
sulfuric acid will give it sometimes. 

In the absence of ferric and selenic salts, it is useful for detecting the presence 
of small amounts of nitrogen acids in sulfuric acid. In this case first pour the con- 
centrated sulfuric acid to be tested into the test tube and cover it with the specifi- 
cally lighter diphenylamine solution. If 1 ml of an acid containing only ^ mg of 
nitrogen in a liter is used, the reaction will cause a noticeable coloration. If very 
strong fuming sulfuric acid is to be tested, dilute it first with concentrated sulfuric 
acid until it does not contain more than 20 per cent excess SO#. 


6. Ferrous Salts are oxidized by nitric acid, which is itself reduced 
to nitric oxide, NO: 

3 Fe^+ -I- NO,- -{- 4 H+ 3 Fe-^ -h 2 H.O -b NO T 


If the reaction takes place in the cold, the nitric oxide combines with the excess of 
ferrous salt, forming a dark brown, very unstable compound, e.g., FeSO* • xNO. 
'1 his compound is decomposed, on warming, into ferrous salt and nitric oxide (which 
c.scaj)e.s}, tlio bif)wn color disappearing. If more than enough nitric acid is present 
to oxidize completely the fciTou.s salt to ferric salt, a more reddish coloration is 
obtained owing to (he formation of a salt such as FejfSO#)# • 4 NO. 


1 lie test i.s best carried out in the following manner: 

Place some of the substance to bo tested for nitrate in a test tube with 5 ml of 
water, add an equal volume of concentrated sulfuric acid, and cool nearly to room 
t<!mpoi:iluie by shaking tlie solution under running water. Carefully add about 
;> ml of saturated feirous sulfate solution down the sides of the test tube so that it 
foiniH a laj'er on top of the concentrated sulfuric acid sohition. TSTien a nitrate is 
jircsent a brown niig i.s formed at tlic zone of contact between the ferrous sulfate 
solut ion and t lie tica \ ier sulfuric acid solul ion, or if considerable nitric acid is present 
the whole of t he ferrou-j .'ulfatc solution may l>e coIoixkI. If only a little nitric acid is 
present, the zone m.iv e colored pink owing to the formation of FejCSO^), • 4 NO. 
Ihe tc.st is not reliable »n the pre.<ence of an iodide, chromate, cyanide, ferrocyanide, 
thiocyanate, .sulfite, or thiosulfate. The test can be made on a spot plate. 

Place a piece of ferrous sulfate about os large as a pinhead in one of the cavities 
of a spot plate. Add a droj) of the solution to be tested and one of concentrated sul- 
furic acid; if 2.5 y of nitrate is present, u brown ring will form around tbe crystal of 
ferrous sulfate. 


Nitrous acid gives tlie same reaction, with the difference that it takes 
place even without the additiem of concentrated sulfuric acid. 

7. Indigo Solution is decolorized by warming with nitric acid (as well 
as by other oxidizing agents). 


* Lunge, Z. angew. Chenue, 1894, 345. 
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8. Manganous Chloride. - — A saturated solution of manganous 
chloride in concentrated hydi'ochloric acid gives a dark biownish black 
coloration with a nitrate owing to the formation of MnCU in the solu- 
tion. The reaction is caused by other oxidizing agents. 

9. Nitron Reaction. — A 10 per cent solution of nitron (3-n-di- 
phenyl-1, 4-endanilo-3, 4-diliydr(>-2, 3-triazolc) in acetic acid gives it 
white precipitate of nitron nitrate. The reaction is not characteristic 
of nitrate ions, for the bromide, iodide, nitrite, chromate, cliloratt^ 
perchlorate, thiosulfide, ferrocyanide, ferricyaniile, and picrate of nitron 
are insoluble compounds. Tiic chemical formula of nitron is 


f'JI.X 


-N 


U( 


I! 


As reagent, a 10 per cent solution in acetic acid is u>od. 

10. Potassium Iodide is not decomimsed by pure, dilute nitric acid 

(difference from nitrous acid). 

If to the solution of a nitrate, nano |..>l:.-i.nn io-ii-K n few drop, nf an acid (best 
acetic acid), and a little zinr arc a.ld. d. the nitric ac.l is icduccd u, nitrous uckI, 
which then reacts with hydrio.lic acd and the .-olutio.i bec.rue yellow on account 
of the liberation of iodine, by .duikintr 'l>c ‘oluiion with carbon d'>"bidc. the lattei 
will l>e colored rcddi.d. violet, or the iodine may l.c dctcctcl by a.ldiufj a Uttk- starch 
paste. 

The reactioae which t„kc piece may he ,cp.<-» i.l<’.i h.' Il'>’ cquatio.,.: 

Zn + NO.' + 11*^ - + NO/ + 11=0 

2 NO..' + 2 r + 1 II' —2 no; +2 11=0 + I: 

If it is deeircl to dcicci ll.c f„ c i..di„c hy fon,.i..K a solution in carbon di»nif,.lc 

the latter un,t,:r no arc .don.'. .. rhonl.l he n.ld. d hcf.nc I he .inc han l«en allowed 

.IT-' f iL/. itiii\ r)ota<^JUl^l loaiuc. In .such a 

to act upon the acid soluljon nf fnc niirai^ i , 

there will often l.e no acpar.dion ..I ....In..'. h.'<'an.~c r.n.c reduces the cni-hon dlsnl i.lo 
to thioformnldel.yd.. and l.y.lr..|;.'n ""Ifi.l. , a,..l the Inller reacta w.th any ,.,d.„n 
which may be formed, it l>ucl: lo liNdrifH ic .mk . 

4 - 4 ir H- 2 Zn — 2 + CILS + U 2 S 

ii.s -h h -'2 HI d- s 

11. Salicylic Acid (2 g in 30 ml -f concentrated sulfuric acid) gives 
a yellow coloration when ficated with a solid nitrate, nitrr>-sal.cyl.c acid 

being formed. , ^ , , ,, 

12. Zinc Of Aluminum in Alkaline Solutions and Devarda s alloy 

reduce nitrates: 


3 NO; 


" + 8 A1 + 5 on + 2 HiiO -» 8 AlOs + 3 Nib | 
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If a nitrate solution is boiled with zinc dust and an alkali, a consider- 
able evolution of ammonia takes place: 

NOz~ + 4 Zn + 7 OH“ 4 ZnOa"' + 2 H^O + NH 3 T 

This reaction is particularly suited for the detection of nitric acid in 
the presence of chloric acid (cf. p. 424). 

The test for nitric acid can be based on the formation of nitrous acid which gives 
a red coloration with sulfanilic acid and or-naphthylamine. 

Place 1 drop of the neutral or acetic acid solution on a spot plate; mix with 1 drop 
of 1 per cent sulfanilic acid, C 6 H*(S 03 H)NH 2 , in 30 per cent acetic acid and 1 drop 
of 0.3 per cent a-naphthylainine in 30 per cent acetic acid. Add a few milligrams 
of zinc, and a red coloration results with 0.05 y of HNOj. The dyestuff C*H«(SOiH) • 
NsCioHsfNHj) is formed. 

DE'riXn iON OF NITRIC ACID IN THE PRESENCE OF 

NITROUS ACID 

There is no absolutely reliable qualitative test for the detection of traces of nitric 
acid in the presence of large amounts of nitrous acid in aqueous solution. A number 
of methods have been propo.scd which dei)end upon the destruction of the nitrous 
acid by diazotizitjg, but they all yield only approximate results because, in order to 
destroy the iiitrou.s acid, it is nece-ssary first to set the acid itself free by the addition 
of another acid, which always causes a part of the nitrous acid to be changed to nitric 
acid; so that the latter will be detected even when no nitric acid was originally present. 

Large amounts of nitric acid in the pre.sence of nitrous acid may be detected by 
the method proposed by Piccini,* in which a concentrated solution containing salts 
(tf both acid.< is treated with a concentrated solution of urea, and then covered (by 
means of a pipet) with dilute sulfuric acid. A lively evolution of nitrogen and carbon 
dioxide ensues, which ceases in a few minutes; 

CO(NII,) . + 2 HNOj — COj t + 3 H-O + 2 Nj f 

I'rcii 

When the evolution of gas h;is ceased, test the solution for nitric acid by means of 
the dii>hcnylarnine reaction. 

This reaction, however, docs not take place quickly enough to prevent traces of 
nitric acid being formed according to the following equation: 

3 IINOj -> H-O + HNOj + 2 not 

The odor of nitrous fumes is always perceptible in the escaping nitrogen;! the 
presence of nitrous acid in the fumes can also usually be detected by means of iodo- 
starch paper. The nitric acid which remains in the solution can be detected by means 
of the diphcnylamine reaction. 

If the diphcnylamine reaction gives a verj’ intense coloration after the destruction 
of the nitrous acid by means of urea, the presence of nitric acid in the original com- 
pound is assured; but if the reaction shou's that only a trace of nitric acid is present 
it is probably duo simply to small amounts of nitric acid formed by the destruction 
of the nitrous acid. 


• Z. anal. Chem., 19, 354 (ISSO). 
t Even at 0° and in an atmosphere of carbon dioxide. 
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The nitrous acid may also be destroyed by boiling an alkaline nitrite solution «ith 
neutral ammonium chloride; but traces of nitric acid are alwaj-s formed at the 
same time.* 

Probably the two most satisfactory methods of removing nitroii.s acid prior to 
making the test for nitric acid are the reactions with sodium azide, NuNj, and with 
aminosulfonic acid, NHj • SOjH; 

NaNj + HNO, -» Nj + X,0 f 4- NaOH 
HNOj + NH, • SOjII H^SO, + H^O + N, t 

In the first method, add some sodium azide t(j a little of the solution to be tested, 
acidify, and after a little while heat to boiling. For the .-econd inetliod, use a little 
of the test solution and mix with 0..o per cent aminosulfonic a«‘id; the reaction is so 
violent with concentrated solutions that some HNOj is likely to be formed by oxida- 
tion of the HNOz. 


Reactions in the Dry ff'ay 

By ignition, nitrates of (he alkttlie.s are changed into nitrites witli 
loss of oxygen, and the nitrite.s aic decoinpo.'ied on .'Stronger ignition into 
oxide; 

2 KNOa — 2 KXO, + ()-, r 
4 KNOa 2 K,0 + 4 NO | + O, \ 

All nitrates deflagrate on l)eing i)eat(‘d on clian*oal, i.c., the charcoal 
burns at the expense of the oxygen of the nilri<- acid, with vivid .'Scintilla- 
tion. 


• By evaporating with ammonium cuibonalc solution tlic tlocomposilion .'w’urci'Iy 
takes place at all. 



Chloric Acid, HCIO 3 

Properties. — Chlorates are formed by conducting chlorine into hot alkali hydroxide 
or alkaline earth hydroxide solution (not NH 4 OH), by the electrolysis of a hot chloride 
solution, or by the oxidation of hj^pochlorites. 

Free chloric acid is unstable and is decomposed at 40® into perchloric acid with loss 
of chlorine and oxygen (ef. p. 22S): 

3 HClOj H-.0 + 2 ClOi t + HCIO. 

and 

2 CIO 2 -» Cl, T + 2 O 2 1 

The aqueous solution of chloric acid behaves as a strong acid; in 0.5 normal solu- 
tion it is S 8 per cent ionized. By evaporation in a vacuum, the aqueous solution can 
be concentrated until its density is about 1.28, when it corresponds to HCIO, • 7 H,0 
with 40.1 per cent HCIO,. This is fairly stable but decomposes slowly with libera- 
tion of Cl, and O,; 3 HCIO, -» HCIO, + 2 O, -f Cl, -|- H,0. 

The following three equations also represent ways in which HCIO, can decompose: 

4 IICIO, — 3 HCIO 4 + HCl 
2 HCIO, -* 2 IlCl -I- 3 O, 

4 HCIO, 4 CIO, -h 0, -h 2 H,0 

Chloric acid and its salts arc strong oxidizing agents; potassium chlorate is used in 
matches, fireworks, and explosives. Chloric acid oxidizes oxalates to CO,, HCNS 
to II^SO, and IICN, plio.sphorus compounds of lower valence to HJ^O,, sulfur com- 
pounds of lower valcmre to H:SOi, HCl to Cl,, HBr to Br,, and I, to KIO, and ICb. 
Magnesium dis.solve.s in chloric acid to form MgCClO,), and H,, but with zinc and 
dilute sulfuric acid the reduction of the CIO,” to Ci* can be made complete. Man- 
ganous sulfate is not oxidized by HCIO, alone, but with concentrated nitric acid, black 
hydrated MiiO,, and with pliosphoric acid \i()let [Mn(P 04 ) 3 ) , can be formed. 

Sohihilili/. — .\11 chloratts arc soluble in water although the solid mercury, bismuth, 
and tin salt.s require a little acid to prevent hydrolysis. Mercurous and ferrous 
cliloiates arc very unstable. Potassium chlorate is the least soluble stable chlorate, 
and 100 ml of cold water will dissolve only 0.0 g of KCIO, whereas the same quantity 
of water will dissolve .31.j g of laClO,. 

lii'ttctions in the JT'et ffViy 

1. Dilute Sulfuric Acid .s(*(s free chloric acid from chlorates, which, 
a.s above .'Stated, is grndually dccomposc'd, with loss of chlorine and 
oxygen, into ixu'chloric acid. The solution, therefore, acts as an 
oxidizing agent, particularly on warming; it will turn iodo-starch blue: 

CIO,' + 6 r -f 6 n+ -> cr + 3 h^o + 3 

'i'he speed of the reaction between the chlorate and the iodide depends 
upon the concentration of tiie hydrogen ion. Tlie salts do not react 
strongly as oxidizing agents in neutral solutions (difference from hypo- 
chlorites). 
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2. Concentrated Sulfuric Acid decomposes all chlorates, setting free 
greenish yellow chlorine dioxide gas, which colors the sulfuric acid yellow 
and explodes violently on warming: 

3 KCIO 3 + 3 HsSO^ -> 3 KHSO^ + HCIO 4 + 2 CIOs T + HoO 

A very small crystal of chlorate added to 1 ml of concentrated sulfuric 
acid on a watch glass will color the acad and give a chlorine-like odor. 

3. Silver Nitrate and Barium Chloride do not cau.se precipitation. 

4. An i l i n e Sulfate Test. — Add a little of the .solid to he te.sted to 
about 1 ml of conc(*ntrat(‘d sulfuric acid and introduce one or two drop.s 
of an aqueous aniline sulfate .solution; a deep blue color is obtained with 
a chlorate but not with a nitrate. 

5. Diphenylamine reacts the same as with nitric acid. 

6. Ferrous Salts. — By boiling chlorates with ferrou.s salts in the 
presence of dilute acici, the chlorate is quickly reduced to chloride 
(difference from perchloric acidj: 

CIOs" -h b Fe++ + 0 IV- -» 3 II-.O + Cr +0 Fe^+^- 

7. Concentrated Hydrochloric Acid dcM-oinpo.'<e.s all chlorates; the* 
acid is colored j’ellow ami chloiine is evolved: 

clOa" + r>vr + (1 ii-* ->3 iiaO + 3 ChT 


This equiition is nul quite r<irn-c (, f«>i .««iMie C'lO^ i.s itlwuys aii.xed with the CIj. 
The following equation c*xi>rc.'i.'e-s tlii.*:: 

3CK)r +7 a- + ioip-3ii/)+i(:br +2Cio,t 


The proportion of CIO? and t’h formed is iiifluoiicod by the coiitentratioii of the 
reacting Kubstjiti(«s and iIk; toiiip'-iatiiic. 

If the lo'drocliloric acid is colored blue witli indigo it will lie decolorized by the 
free chloruie. 


8. Indigo Test. — To the chhirate .solution add enough indigo, ili- 
solved in concentrated snlfuric a<-id, to give a light blue color. A«ld a 
little dilute sulfuric acid and jntro<lucr* drop by drop a little .sullnnnis 
acid or sodium sulfite solutirm. Th<- blu(? color will di.sappc.ir (juick)y. 
The sulfurous acid rcact.s with the <-hloralc to form chlorine or hy|)<J- 
clilorite and the chlorine or hypochloriU; oxidizes Hie indigo. 'I'he t« .-t 
is sensitive. 

9. Manganous Chloride in conc<*ntrated hydrociiloric acid is dark- 
ened by chloric acid. 'I'his test UK-rely shows that an oxidizer is pn .sent. 

10. Manganese Sulfate in conc<-ntratj‘d pliosplioric acid gives, on 
heating, a purple colon'd munganiphosjihate ion: 

CIO,"-f-CMn+++ 12H3PO4 — Gl-Mn(F04).]‘'‘+ Cr +30 IF +3 II.O 
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Persulfates and periodiates give the same test. The former can be decomposed 
by evaporating the sulfuric acid solution with a little silver nitrate as catalyst: 

2 HaSaOs + 2 H 2 O 4 H 2 SO 4 + O 2 . 

Place a drop of the solution to be tested together with a drop of saturated manganese 
sulfate solution in a porcelain capsule and add a drop of sirupy phosphoric acid» 
Heat gently, and a violet coloration will appear. If the coloration is very slight, it 
can be intensified by adding a drop of 1 per cent diphenyl carbazide in alcohol; the 
carbazide is oxidized to a violet product. 

1 1. Reducing Agents reduce chlorates to chlorides in acid and alkaline 
solutions. 

The reduction in acid solution is effected by means of zinc and dilute sulfuric 
acid, sulfurous acid, or sodium nitrite: 

3 2n + ClOi- + 6 ^ 3 Zn-^ + CP + 3 H^O 

3 SOP’ + CIO,- Cr + 3 SO4” 

3 Nor + cior 3 Nor + ci- 

The reduction in alkaline or neutral * solution is brought about by boiling the 
solution with zinc dust, aluminum powder, Dcvarda’s alloy (cf. p. 37), or a copper- 
zinc couplc:t 

ClOr + 3 Zn + 6 OU“ ^ 3 ZnO,"’ + CP -|- 3 H 2 O 

The residual metal is filtered ofT, the .solution acidified with nitric acid,t tmd silver 
nitrate added, when the characteristic, curdy precipitate of silver chloride is formed. 

SPECIAL PIIOCEDURES FOR CHLORATES 
Test for Hypochlorite in Chlorates 

To test for the presence of hypochlorite in an alkali chlorate, dissolve about 2 g of 
the salt in 200 ml of water, add 3 ml of 10 per cent KI solution and 3 ml of starch 
solution, but no sul/uric ncifl; the solution will at once turn blue if a trace of hypo- 
clilorite is present. As little as 0.1 mg of hypochlorite will give the test. 

Detection of Hydrochloric^ Citric, and Chloric Acids in the Presence of 

One Another 

Procedure I . First, test for the presence of chloride anions by treating a part of the 
solution with silver nitrate; a white precipitate of silver chloride shows the presence of 
liydrochloric acid. Treat the remainder of the solution with silver sulfate solution 
until no further precipitation of silver chloride takes place, and filter off the pre- 
cipitate. 

Boil the filtrate with a little caustic potash (in order to expel any ammonia from 
ammonium sails which may be present), add zinc dust (or Devardu’s allojO* 
again boil; if nitric acid is present, ammonia will bo given off. Filter off the residue, 
acidify the filtrate with nitric acid, and treat with silver nitrate. If a precipitate of 
silver chloride is now ol)tained, chloric acid was originally present. 

* The reaction takes place very slowly in neutral solutions. 

t Treat granulated zinc with 1 per cent copper sulfate solution, wash, and dry 
the residue. 

X On acidifying with nitric acid a hea^y precipitate of Zii(OH )8 is obtained which 
dissolves in more nitric acid. 
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Procedure II. — Test a small part of the solution for hydrochloric acid by adding 
silver nitrate in excess, filter off the precipitate, treat the filtrate with sulfurous acid, 
and again test with silver nitrate; a precipitate of silver chloride shows the presence of 
chloric acid. Enough nitric acid must be added to dissolve any silver sulfite that 
may form. 

Test a second portion of the solution, as above, for nitric acid. 

Reactions in the Dry Way 

On ignition, all chlorates are decomposed, forming a chloride with 
loss of oxygen. By heating on charcoal, deflagration takes place. 



Perchloric Acid, HCIO4 

Preparalum. — Perchloric acid is the most stable of the acids containing chlorine 
and oxygen. It can be obtained by evaporating a solution of chloric acid and has 
been prepared by distilling potassium perchlorate with concentrated sulfuric acid. In 
this way the solid, crystalline monohydrate, HCIO4 • H:0, is formed which upon 
further heating is decomposed at 110° into the oily dihydrate and HCIO* which 
distils ofT. At 203° the dihydrate distils. 

W ith the exception of potjissium perchlorate, which occurs as a minor ingredient 
of Chile saltpeter, NaNOj, the most common salt of perchloric acid is ammonium 
perchlorate, which is easily made from sodium perchlorate, a b3*-product in the elec- 
trolytic manufacture of sodium chlorate. If ammonium perchlorate is treated with 
hot, dilute hy<irochloric acid and some nitric acid, the is o.xidized to N2O and 

a dilute solution of IICIO, is obtained. If this solution is evaporated until the tem- 
perature is 180-200° all the nitric and hydrochloric acid will be removed, and then, 
by di.-^tilling in a vacuum (2-7 mm) a 70-73.6 per cent solution of perchloric acid is 
obtained. This is the .safest way to make perchloric acid. 

Properties. — Anhydrous perchloric acid has a freezing point of approximately 
— 112°, and its boiling point is about 130°. .\nhydrous perchloric acid is very 
dangerous. If it is prepared by distilling in a vacuum and is then allowed to stand at 
room temperature, it gradually assumes a straw color, then turns brown, and finally 
explodes. The dccompo.^if ion is probably accelerated bj’ photochemical synthesis 
of colored reduction products which arc unstable. Contact with bits of charcoal, 
wood, paper, or dust often causes an explosion. Concentrated perchloric acid pro- 
duces very painful wounds that arc slow to heal. 

At very low temperatures the anhydrous acid will keep indcfinitelj’. Hot, concen- 
trated percldoric acid is a powerful dehydrating agent, like sulfuric acid, and also an 
excellent oxidizing agent. In fact, hot, concentrated perchloric acid is almost as 
good an oxidizer as a mixture of chromic acid and sulfuric acid, but the perchloric 
!icid Jo.ses its oxidizing power as soon as it is cold. Perchloric acid is a valuable re- 
agent. It is used as a test for potassium in qualitative analysis, as a solvent, and as 
an oxidizing agent. Pota.'vsium perchlorate has, to some extent, replaced potassium 
chlorate in firew'orks; magnc.^ium perchlorate is sold under the name anhydrone as 
a dehydrating agent, and barium perchlorate has been sold for the same purpose 
under the name dcsicchlora. 

The salts of this monob:i.-<ic acid, the perchlorates, are remarkably stable; they 
contain chlorine with seven po.'^itive charges and arc isomorphous with the perman- 
ganates. The potassium salt is obtained from potassium chlorate. On melting the 
latter compound, at first a lively stream of oxygen is given off which, however, soon 
lessens. The melt quicklj' becomes viscous, and consists of potassium chloride and 
potassium perchlorate, 

2 KCIO, KCl + KCIO4 + O. t 

and the latter may be septmated from the much more soluble potassium chloride by 
recTN'stallization. 
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SoluMity. — All perchlorates except the ammonium, potassium, rubidium, and 
cesium salts are easily soluble in water. The difficultly soluble alkali salts are dis- 
solved by hot water, but the precipitation of the potassium, rubidium, and cesium 
salts is practically complete when an equal volume of alcohol is added to the cold 
saturated solution. 


Reactions in the Wet Way 

Perchloric acid is not attacked by concentrated sulfuric acid, nor is it 
reduced to chloride by zinc dust, Devarda's alloy, sulfurous acid, or 
acid solutions of ferrou.s salts. 

1. Potassium Salts precipitate the relatively in.'^oluble', white, crys- 
talline KC10.t (cf. p. 282) in.soluble in alcohol. Ammonium .salts give 
a similar precipitate. 

2. Silver Nitrate and Barium Chloride pi oduce no precipitation. 

3. Titanium Trichloride, 'i'iCI.!, Hyposulfurous Acid, and 

the lower o.xidation products of vanadium, molybdenum, and tungsbai 
reduce perchlorates to chlorides. 


Reactions in the Dry if ay 

The perchlorates def!agiat<- on being heated on charcoal; on fusing 
they lose oxygen, leaving chhiride behind, wliicli when di.'isolved in 
water gives all the rcaj-lions for hydrochloric acid. If a perclilorale 
is fused with a chloride, c.j/., zinc chlorich*, chlorine is e\(»I\’ed. Il tin* 
chlorine Is driven over, by a stifam of carbon dio.xide, into i)otassiiun 
iodide solution, iodine is .s«-t free. If nitrat«‘S arc present, tlxy can Ik* 
decompo.sed fir.st by cvap«)ralitig to dryiie.ss uilli <'f)nccn! rated hydro- 
chloric acid, and then, to make sure that no lra<-e.s of nitrate remain, 
Gooch and Kreider recomitu-nd evaporating with manganous etiloride 
and concentratf'd hydro<‘lilori<’ aei<I. ami again e\'aporating with hy(h‘<v- 
chloric acid. Finally they precipitate the manganese with .'^iidium 
carbonate, filter, and evaporate tlie filtrate t«) dryness, and (hen test tlu^ 
residue for p{“rehlorate l>y fusing v ith zinc eliloride. 

It is sometimes desiral-h- to removi* perehlorie arid from a .solution to 
be analyzed for the alkali melab. This is best aceumplished by evapo- 
rating to dryne.s.s and igniting with ammonium salt: 

3 NaClO* -b 8 NH*C1 3 NuCI 4* 4 Na T + 8 IICl T + 12 H,0 T 



Persulfuric Aero, H2S2OS 

Preparaiion. — Pure persulfuric acid itself has never been isolated, its solution in 
sulfuric acid alone being known. It was first prepared by M. Marshall,* who 
electrolyzed fairly dilute sulfuric acid, keeping it very cold. During the electrolysis 
hydrogen ions are dischai^ed at the cathode and unite to form hydrogen molecules, 
while HS04~ anions are discharged at the anode and unite to form persulfuric acid: 

2 H*SO« H, + HiSiOs 

The preparation of ammonium persulfate, from which all other persulfates are 
made, is entirely analogous. 

The anhj’dride, S1O7, was first obtained by Berthelot as a result of the action of a 
silent electric discharge upon a mixture of dry SOj and oxygen. At 0® it exists as 
flexible crystalline needles which are fairly stable but decompose slowly into SOj and 
O:. The solution in water hydrolyzes and permonosulfuric acid (Caro's acid), 
H:SO», is formed which, in turn, decomposes into HtS04 and HjOj. 

8,0;+ HjO ^ HjSsOs 

■}“ HjO “* II 3 SO 4 -f* EliSOft 
IljSOi + HjO H,S04 + H,0, 

A mixture of sulfuric and perchloric acid is often used to destroy organic matter 
when it is desired to detect the presence of inorganic constituents. 

The most important .salts of persulfuric acid are those of anunonium, potassium, 
and barium. (NH4)iS205 is readily soluble in water, and forms monoclinic crystals; 
1x28204 is difficultly soluble in cold water, but much more soluble in hot water, from 
which solution it is obtained by rapid cooling in the form of long crystals; BaSsOs + 
4 II2O is made by triturating ammonium persulfate xvith barium hydroxide, and is 
fairly soluble in water. 

Persulfates are powerful oxidants, and the potassium and ammonium salts are 
much used in chemical analysis. Under suitable conditions they oxidize Fe’*"*’ to 
Fe*+-'-, Cr-^++ to CrjOr", Ti-"-^-^ to Ti^+++, Co-^"- to Co+'*-+, Ni-^ to Ni-^, Mn-^ to 
MuO, or Mn04' (in the presence of Ag'*'), to etc. Halides are oxi- 

dized to free halogen by [Krrsulfates or to a salt of a halogen oxy-acid if Ag'*’ is present. 

When a solution of alkali {Kirsulfatc is boiled, oxygen gas is evolved and a normal 
sulfate is formed; 

2 K 2 S 2 O 4 + 2H,0 = 2K,S04 + 2H,S04 + O, 

When potassium persulfate is dissolved in concentrated sulfuric acid, permono- 
sulfuric acid, IliSOj, (cf- p. 4.31) is formed. 

Reactions in the Wet Way 

A solution of ammonium persulfate can be used. 

1. Water. — All porstilfates arc decomposed in aqueous solution 
(slowly in tlie cold, but more quickly on warming), forming sulfate, 


* J. Chem. Soc., 69, 771. 
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free sulfuric acid, and oxygen: 

2 SaOr' + 2 HoO ^ 4 HS04“ + O2 t 
2 BaSaOs + 2 H.O 2 BaSO^ + 2 H:S04 + O2 T 

A large proportion of the oxygen escapes as ozone, which can be 
detected by its odor or by its property of turning iodo-starch paper blue. 
A dilute solution of ammonium persulfate decomposes slowly at 20° C, 
without evolution of ox)’gcn, part of the nitrogen being oxidized to 
nitric acid: 

4 (NH4)2S208 + 3 HoO ^ 7 (NH4)IIS04 + H 2SO4 + HNO3 

2. Dilute Sulfuric Acid acts the .same as water. 

3. Concentrated Sulfuric Acid. — If a solid persulfate is dissolved 
in coneejitrated sulfuric acid at 0° C, a liquid is obtained which possesse.s 
very strong oxidizing projjerlies. The mixture is known as Caro’s acid.* 
For further particulars concerning this acid .see page 431. 

4. Silver Nitrate precipitates black silver peroxide: 

2 Ag+ + SoOs" + 2 H2O 2 HSOr + 2 + Ag^Oj 

If, however, the concentrated .solution of ammonium persulfate is 
treated with ammonia and a very little silver nitrate, a lively evolution 
of nitrogen takes place, and tlie .’solution becomes heated to boiling. 
Silver peroxide i.s formed first, and oxidizes tin? ammonia to water, 
sotting free nitrog(‘n (eatalysis).t 

5. Barium Chloride does not give a precipitate immediately in a 
freshly prepared, cold solution of a persulfate; but, on standing some 
time, or on boiling, insoluble barium sulfate is precipitated. 

G. Manganese, Cobalt, Nickel, and Lead Salts are oxidized in the 
presence of alkali to black peroxides: 

Mn++ + S-jO#" + 4 Oil" -- 2 SO^' ' + H-.MnOj + H.O 

In this last roaefion pcrsulfurie acid rcacf.s oxu<-tly similurly to hydroRcn per- 
oxide. it may lic distitiK'ii.^lied, however, hy (lie fact that it doe.s not decolorize 
a solution of potus.sium t>erii)an»ianate, doe.'^ not produce o yellow coloration with 
titanium sulfate, and does not react with chromic acid to form chromium pero.xide 
(cf. p. 202). Ferrous salts are readily oxjilized to ferric salts, and ceroiis sult.s are 
changed to yellow ceric suits hy persulfates, hut the latter arc not decolorized by an 
ex«xj8.s of the persulfate, while they arc hy hydrogen peroxide. 

MaiiKuncse and lead salts are prec-ipituled quantilutivcly from neutral and slightly 
acid solutions by alkali persulfates, cohalt incompletely from neutral solutions and 


• Z. angew. Chem., 1898, 34, 8.W (1901); Bcr., 41. 1839 (1909). 

t Z. phgeik. Chem., 37, 255 (1901). 
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not at all from acid ones, and nickel only in the presence of alkali. Hydrogen per- 
oxide produces precipitates of peroxides in all these solutions only in the presence of 
alkali. In the presence of silver ions, which have a catalytic effect, manganous ions 
are oxidized to permanganate in hot nitric acid solutions by means of alkali persulfates. 

5 SjOr" + 2 Mn-^ + 8 HiO -» 2 HMn04 + 10 SO,"" + 14 

7. Potassium Iodide reacts tvith neutral solutions of persulfate and 
iodine is liberated: 

2 1"+ SjOa"" 2 sor" + I 2 

Pcrcarbonates and perborates do not give this reaction. 


Monopersulfuric Acm (Caro's Acid) H 2 SO 5 

This acid is formed by the hydrolysis of pcrsulfuric acid, 

IliSjO, + lIjO H 

and by the action of perhydrol (30 per cent hydrogen peroxide) on sulfuric acid: 

Ii;S04 + H,0, 11,0 + lI:SOj 

Unlike hydrogen peroxide, it does not reduce permanganates and it causes the 
liberation of iodine from potassium iodide solutions nicjre readily than persulfates do; 

Il-SOi + 2 il*- + 2 1"-* + I+O + I, 

It is usually assumed that hydrogen jioroxidc, persulfuric acid, and rnonopersul- 
furic acid all contain an atom of oxygen directly connected to unotlier atom of 
oxygen; this atom of oxygen, therefore, has a positive and a negative charge residing 
upon it (cf. p. 3o). 
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Silver Nitrate produces no precipitate. 

Barium Chloride produces a white precipitate, insoluble in acids. 

Sulfuric Acm, H 2 S 04 

Preparation. — The sulfuric acid of commerce is made either by the lead-chamber 
or the contact process. The raw material in both processes is SO* obtained by 
l)urning sulfur or by roasting a sulfide such as pyrite, FeS*. In the lead-chamber 
process, the SO 2 is oxidized by the action of nitrous anhydride and air to SOj which 
unites with water to form HiSO*. The contact process, which has to a large extent 
replaced the older lead-chamber process, is based upon the fact that the ©."ddation 
of SO 3 by the oxygen of the air is hastened by contact with substances such as 
pumice, porcelain, ferric oxide or finely divided platinum or vanadium pentoxide. 

Proptrtics. — Pure sulfuric acid at ordinary temperatures is a colorless, oily 
liquid of density 1.838; at low temperatures it is a solid wliich melts at 10.5*. If 
the acid is subjected to distillation, it is always partially decomposed; heavj', white 
vapore of SOj are given olT first, and at 338* C a 98 per cent acid distils over. At a 
red heat, decomposition into II 2 O, SOj, and O- takes place. Ordinary commercial 
sulfuric acid has a density of 1.S3-1.84, and contains 93-90 per cent H 2 SO«. The 
maximum density is reached when 97.35 per cent H 2 SO 4 is present. Commercial 
sulfuric acid often contains load sulfate, selenic acid, platinum, palladium, arsenious 
acid, the nitrogen acids, and small amounts of organic matter (whereby it is often 
colored brown) jis iuipuritir.-. Concentrated sulfuric acid is very hydroscopic, and 
is used for drying gjuse-s, etc. 

The anhydride of sulfuric acid, SO 3 , dissolves in concentrated sulfuric acid, form- 
ing pyro.sulfuric acid, ILS^O;, which is solid at ordinary temperatures, melts at 35*, 
and loses SOj at higher temperatures. It fumes stronglj’, and is called, therefore, 
/liming finlfuric acid. Pure, anhydn)us H:SOi cannot be made by evaporation or 
dLstillation but can be obtained by adding a slight excess of SOa to the 98 per cent 
acid and passing dry air through the acid until the excess SO 3 is removed. Pi/ro- 
Kulfuric acid, II 2 S 2 O 7 , often called Nordhausen acid or oleum, is made by dissolving 
the nece.ssary quantity of SO 3 in concentrated H:S04. It forms crj’stals melting 
at 35*. Commercial oleum is equivalent to about 80 per cent H-SO 4 plus 20 per cent 
SOs, and the total SOs content is equi%'alent to 104.5 per cent H 2 SO 4 ; in other words, 
the exces-s SO 3 in 100 g of oleum will unite \vith 4.5 g,of water to form 100 per cent 
II;S04. Sulfuric acid is dibasic and forms both neutral and acid salts. 

Sulfuric acid is a strong acid and when evaporated with less volatile acids, or with 
a solution of their salts, does not begin to fume until these acids are expelled prac- 
tically completely. .\t temperatures much below the Iwiling point, e.g., at 100®, the 
formation of he.ay>’, white fumes which produce a choking sensation in the throat 
and cause coughing is often takcu as evidence that the more volatile mineral acid; 
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have all been expelled and, for this reason, analytical procedures often call for “evap- 
oration until dense fumes are evolved.” Sulfuric acid is displaced from its salts 
by heating above its boiling point with the less volatile phosphoric, boric, and 
silicic acids. 

Sulfuric acid is miscible with wafer in all proportions; considerable heat is evolved, 
and great care should be taken, in diluting sulfuric acid with water. The acid should 
be cold and the water must be added very slowly. It is always best to pour the 
acid very slowly into water and avoid, as far as possible, the reverse operation. 
After the acid has been mi.xed with an equal volume of water, there is no further 
danger of spattering. Sulfuric acid is a strong dehydrating agent and is often u-^cd 
for drying gases or for absorbing water vapor — lienee its use in desiccatore and in 
drying tubes. It abo removes water from organic compounds and thereby often 
causes charring. 

Solubilihj. — Most sulfates arc soluble in water; calcium sulfate is difTicultly 
soluble, strontium and lead sulfates are very difficultly soluble, and barium sulfate 
is practically insoluble in water. There arc abo a number of liasic sulfates, Ilg, Bi, 
Cr, which are insoluble in water, but are, as a rule, ca.sily dissolved by dilute acid. 


Reactions in the Wet Way 

1. Barium Chloride procipitates, from even the most dihitp solutions, 
white barium sulfato, insoluble in acids. 

2. Silver Nitrate causes no precipitation in dilute .soliition.s, btit in 
concentrated solutions a wliite, crystalline precipitate is formed (100 ml 
of water dissolve at 18® C only 0.58 g: of silver sulfate). 

3. Lead Acetate precipitates white lead sulfate, soluble in concentrated 
sulfuric acid, ammonium acetate, and ammonium tartrate soliition.s 
(cf. p. 115). 


To detect the presence of SO* in insoluble sulfates, treat wifli .•sodium carbonate, 
whereby insoluble carbonate and soluble .sodium sulfate arc formc<l. 

Lead sulfate and calcium sulfate arc easily decomposed by boiling with sodium 
carbonate solution, but l>ariuin and .strontium sulfates are only incompletely decom- 
posed by tliis treatment; they arc mueli more readily attacked by fusing with four 
times as much sodium carbonate (cf. p- 2<)8). Even barium sulfato, however, is 
decomposed sufficiently for the purposes of qualitative luiulysb by boiling with 
sodium carbonate. 


4. Metals in acid .solution do not reduce the .siilfale.s. 

CO-CO-C-0 Na 

5. Sodium Rhodizonate, I ll , Kives a red precipi- 

fX)-CO-C~<^) • Na 

tatc with barium ions, but the red precipitate is decomposed by eonlact 
with sulfate ions and the precipitate l>cconies coIorIe.s.s. 

Place a drop of freshly prepared, 5 per cent sodium rhodizonate upon filter paper 
and add to it a drop of barium chloride solution. A red spot will form, and the reel 
C'dor will disappear on adding a drop of an acid or alkaline solution containing SO* 
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Reactions in the Dry Way 

The neutral salts of the alkalies melt with difficulty without being 
decomposed, while the acid salts of the alkalies readily give off water 
and SO3 (cf. p. 193). 

The sulfates of the alkaline earths and of lead do not undergo de- 
composition on ordinary ignition; the remaining sulfates are more or 
less decomposed. 

All sulfates are reduced to sodium sulfide when heated with sodium 
carbonate on charcoal; if the product is placed upon a bright silver 
coin and moistened, a black stain of silver sulfide results, e.g.\ 

CaSOi + NaoCOa CaCOg + NaaSO^ 

Na..S04 + 2 C 2 CO 2 1 + NajS 

2 NasS + 4 Ag + 2 H,0 -{- O 2 4 NaOH + 2 AgjS 

Tliis reaction is called the hepar reaction and is obtained with all 
substances that contain sulfur. 

A very sensitive test for sulfate useful in the absence of other com- 
pounds containing sulfur consists in heating the sample in a capillary 
tube with a little metallic potassium whereby potassium sulfide is formed. 
Then, if the melt is dissolved in water, the sulfide present can be detected 
by the nitropru.<side test (p. 353) or by the sodium azide test (p. 353). 


Hydrofluoric Acid, HsF:. (or HF) 

Occurrence. — Hydrofluoric acid occurs in nature only in the form of fluorides, 
of which the most important is fluorite, CaF-, crj’stallizing in the isometric system. 
It is also found a.s cryolite, Nai(.AJFo), in Greenland, and in many silicates, such as 
tourmaline, topaz, Icpidolite, apophyllitc, apatite, etc. 

Preparation. — Hydrofluoric acid is obtained by decomposing a fluoride with con- 
centrated sulfuric acid in platinum or lead retorts: 

CaF, + llSOi CaSO, + H,Fj f 


Properties. — Hydrofluoric acid at temperatures above 20* C is a colorlc.-ss, ex- 
ceedingly corrosive gas which cliunges at 10.4' C to a inubile, fuming liquid. Below 
—83", it is solid. In the liquid state at O’, its dielectric con.staiit is higher than that 
of water. The vapors possess a penetrating odor and are poisonous. When in con- 
tact with the skin, the acid produces painful burn.s. On heating the concentrated 
aqueous solution, the gas II^Fi at first distils and then tlie 3S.2 |>er cent arid, wliich 
ha.s a constant boiling point. The acid Is bimolceular, eorre.sponding to the formula 
HjFj up to -hlO*, but above -f-SO’ it Is inonomoleeiilar. Between these temper- 
atures, both HF and II..F 0 inolccules are pre.sent. In dilute aqueous solutitui.s, the 
simple molecules preponderate, Init in concentrated dilutions at room temporatuie, 
there is considerable IFFj. 


Hydrofluoric acid is disfingnisherl from all <»ther acids by its ability to dissolve 
silicic acid, a property wbieli is uti!izc<l fe«’lmii-allv for etebing gla.s.s, and in the 
analytical laboratory for detecting lluoritte nn<l silicic acid, a.s well as for dec<)nipos- 
ing silicates. On account of tliis action upon glass the aei<l must bo kept in jilufi- 
num, wax, or hard rubber, and prepared in platinum or lead ves-sels, 

The action of hydrofluoric aci«l up<m silicic acid lako.s place according to tlie equa- 
tion 

SiO, + 2 If.-F- - 2 H.O -I- Sil^ \ 


The velocity of the reaction depend.s upon the fnienes.s and nature of the mate- 
rial. Thus Mackinto.sh* found after one hour’s action of an excc.s.s of t) |)cr cent 
hydrofluoric acid upon quartz and opal [»ow»Jor that the quartz had lost oidy l-.'iG 
per cent of its original weight while tlie opal ha<l lost 77.2S per cent. 

If precipitated and ignited silica is treated with strong hydrofluoric acid, it dis- 
solves almost immediately with hissing ami .strong evolution of heal, while quartz 
powder under the same treatment is dissolved only slowly. 

Most silicates, with regard to the ease with which they arc attacked by liydro- 
fluoric acid, stand intermediate between the precipitalml silica and (juartz, although 
some silicates are attacked iiK.re difTicultly than quartz, ami a few arc only sliglitly 
acted upon. 

Hydrofluoric acid, HF, in dilute aqueous soluli.m.s is a weak, monoba-sic acid liav- 
ing, in ez^mmon with other weak uciil.s like carbonic aci<l, acetic acid, etc., the pioperty 
of turning blue litmus red and Brazil-wood papcT y«‘llow. Tbc ionization coii-stant 
ia about 7.2 X lO"' and in U.l n<;rmal solution it is about 10 jx-r cent ionized, In 



• Chem. News, 64 , 102 . 
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concentrated solutions, hydrofluoride ions are formed, 

HF + F“ HFr 

and the primary ionization of the dibasic HiF t is considerably greater than that of 
the simpler molecules. The aqueous solution of an alkali fluoride has a strong alka- 
line reaction. 

The property of forming very stable complex metal-hydrofluoric acids is character- 
istic of hydrofluoric acid as of hydrocyanic acid. Thus HlAgF 2 l, H(KFzI, H[NaFjl, 
and H[NH<F 2 ) and the salU NajlFeFs], NajlAlF«l, etc., are known. 

Unlike the complex cyanogen compounds, of which the free acids either do not 
exist at all or represent very unstable compounds, the corresponding fluorine acids 
are fairly stable. Thus fluorargentic acid, HlAgFz], decomposes only on gentle heat- 
ing into silver fluoride and hydrofluoric acid, and the corresponding alkali com- 
I)ounds are decomposed only upon ignition; for this reason the latter are suitable for 
attacking difficultly decomposable silicates, zircon, and titanium minerals, etc., 
which are only partially attacked by free hydrofluoric acid. 

The relationship between hydrofluoric and hydrochloric acid is much less noticeable 
than that between hydrochloric acid and hydrobromic acid. Although fluorine is 
the lightest halogen, hydrofluoric acid has much the highest boiling point and is a 
liquid at temperatures where all the other halogen hydrides are gases. The other 
halogen hydrides are oxidized easily, but hydrofluoric acid is hard to oxidize and the 
oxygen acids, corresponding to hypochlorous, chlorous, chloric, and perchloric acids 
are not known. 

Solubility. — The fluorides of the alkalies, of silver, aluminum, tin, and mercury 
are soluble in water; those of the alkaline eartlis, of lead, copper, and zinc, are in- 
soluble, or at least very difficultly soluble. Silver fluoride is very soluble in water, 
and the solid salt deliquesrt'.s in damp air. This difference in the solubility of alkaline 
earth and silver salts as compared with the corrc-spouding salts of hydrochloric, 
hydrobromic, and bydriodic acid is very characteristic. 


Reactions in the Tf'et Way 

For reactions 1, 2, and 3 use powdered calcium fluoride, but for reactions 4, 5, 0, 
and 7 use a solution of sodium fluoride. 

1. Dilute Sulfuric Acid causes onl}' a slight reaction. 

2. Concentrated Sulfuric Acid reacts readily on warming, setting free 
hydrofluoric acid: 

CaF 2 “t* — * CaSOf -j- H2F2 \ 

.Vcid containing about 90 per cent ITiSO* is most suitable for this reaction. Acid 
containing an excess of SOi is likely to cause the formation of difficultly volatile 
fluorsulfonic acid, IISOjF. 

If the reaction is performed in a test tube, the hydrofluoric acid will attack the 
glass, forming volatile silicon fluoride and salts of hydrofluosilicic acid; but the latter 
are decomposed by the concentrated sulfuric acid into sulfate, hydrofluoric acid, 

and silicon fluoride, 

NazCaSUOu + 14 n^Fj 14 H-0 \ -H NajSiF, -t- CaSiFa + 4 SiF* T 

Scnla glaAs 

Na.SiFe + IhSO* — Na.S04 -|- H*Fs t -|- SiF, T 
CaSiFo -t- H 2 SO 4 -> CaSO* + H^Fj T + SiF« \ 


and 
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The silicon fluoride formed by this reaction is a colorless gas with a penetrating 
odor, and is decomposed by water, forming gelatinous silicic acid and hydrofluoric 
acid: 

(1) SiF, + 4 H 2 O ^ H.SiO^ + 2 Hil’j ? 

Silicon fluoride, however, readily combines with hydrofluoric acid to form fluoro- 
silicic acid, 

(2) SiF« + n2F,-»Hj(SiF«) 

which is not decomposed by water. The entire reaction, therefore, which takes 
place between silicon tetrafluoride and water is exprcs.sed by fiie stun of these la>t 
two equations, as follows; 

3 SiF« + 4 H 5 O - H«SiO, + 2 H:(SiF4 


If, therefore, a fluoride be heated in a glas.« test lube with concentrated sulfuric 
acid, and the escaping vapors allowed to art up<in water by placing a moist gl iss 
rod in the tube, the water adhering to tlic rod will become turbid. 

Itemark. — Although the above test rarely fails when relatively large arnoimts 
of fluoride arc u.sed, it will not be obtained in the cjlsc of certain minerals containing 
fluorine, such as topaz, tourmaline, etc. The test may fail, furtliermore, if the 
fluoride is mixed witli a large excess of that modification of silicic a<-id which is most 
readily attacked by hydrofluoric acid. According to l)aniel,*(liisisdue to the forma- 
tion of a stable oxyfluoridc, probably of the formula SiOF;. 

The silicon tetrafluoride at first formed cojubities with the e.xcess of amorphou.s 
silicic acid present, a.s follows, 

SiF4 + SiO, 2 SiOFi 

ljut this reaction will take place only very slowly, if at all, with quartz powdci or 
with the silica of a .“ilicate such as glass. 

A positive re.sult will IjC obtained invariably when the tctrafluoiide test is made 
in a platinum vc.s.«c! with a relatively large amount of flnori«le ami comparalively 
little amorphous silicic acid or silicate (large amounts of (piartz do not infiuonce the 
reaction); the test will be negative, on llie oilier hand, if made in i)latinum witli no 
silicic acid, or, strange to say, when only quartz is present with the fluoiide. 'Jlie 
rcjison for this different behavior lies in the difficulty with which quartz is attacked 
by hydrofluoric acid. 

Daniel recommends the following method for p<!rforming the lest: 

Mix the substance to be tested for fluorine with alx.ut three times n.s tniiili 
(by volume) of ignited quartz powder, place the mixture in u ti-sl lube, and stir it 
into a thin paste with concentrated .‘•ulfuric acid. Clo.se the lest tube with u cork 
in which one hole has ls?cn Iwrcd and an opening cut in the side. 'I’liroiigh the 
hole in the cork insert a gluKS rod blackened with iisphalt paint, and on the bottom of 
the rod suspend a drop of water; push (his rod down into the tuln- until it is only a 
distance equal to about 1 j litnc-s the diameter of the tost lube from tlic pjuste in the 
Iwttom. Gently heat the tul>e and its contents over a small flame, and if a fluoride i.s 
present a white film of U^iO, will be formed in the drop of water ami will he shown 
plainly in contrast to the lilark rod. Jii a tul>e with l-crndiamelcr, fiuorineequivaicnt 
to I rng CaF, may be delected; with a tube of only U,.'i-cm diameter, as little a.s O.I 
nig CaF, will give the test. When using a tul>c of small diameter, it is l*cst to add 
the sulfuric acid through a siiiall capillary pijKJt to avoid wetting the sides of the tul>c. 


• Z. unorg. Clunn., 38, 299 (1904). 
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If the substance contains considerable amorphous silica, or when an oxyfluoride, 
such as topaz, is present, which is hard to decompose with sulfuric acid, the test will 
fail, and it is then necessary to make use of the etching test. 

3. The Etching Test. — Place the substance to be tested for fluoride in a platinum 
crucible, add some concentrated sulfuric acid, and cover the crucible with a watch 
glass whose convex side has a thin coating of beeswax through which a few letters 
have l)ecn scratched with a pointed match. On warming the contents of the crucible, 
the glass will be etched at the places where the escaping gas comes in contact with 
it, if a fluoride w'as originally present. By placing a little ice on the upper concave 
side of the watch ghas-s, the wax coating will not melt during the experiment. 

If it is desired to detect the presence of a trace of fluorine, allow the crucible to 
stand covered with the watch glass for twelve hours and then heat for a few minutes. 
The presence of only 0.3 tng CaFa is sufficient to give this test, provided a small 
crucible is used. 

If the fluoride contained silica (as in topaz, tourmaline, and other minerals), the 
etching test will be negative, for even if the fluorine escapes, it will be in the form of 
silicon fluoride, which does not attack glass. 

To detect small amounts of fluoride in silicates, it is necessary- first to transform 
the fluorine into calcium fluoride and to subject the latter compound to the test. 

To obtain the fluorine as ••alcium fluoride, proceed as follows: 

Fuse the finely pulverized silicate with six to eight times as much sodium car- 
bonate in a platinum crucible, and treat the melt with water after it is cold. A 
solution is thu.s obtained in which all the fluorine is present as sodium fluoride, 
together with sodium silicate. Precipitate the silicic acid by adding considerable 
ammonium carbonate to the solution, warming it slightly, and allowing it to stand 
twelve hours. After filtering off the silica, evaporate the solution to a small volume, 
and add a little phcnolphthalein, which will impart a pink color to the solution on 
account of it.s being slightly alkaline. Carefully add hydrochloric acid until the 
stirred solution become.'! colorless, and heat to boiling, when the color will reappear. 
Again decolorize the solution with hydrochloric acid after it has become cold, and 
repeat the process until the solution becomes only faintly colored on boiling it. 

Now ackl calcium chioriilc solution and again boil. The precipitate consists of 
calcium carbonate and calcium fluoride; filter it off, wash, dry, and ignite it in a 
platinum crucililc. Treat ‘lie a«h with dilute acetic acid, evaporate to dryness, 
triturate witli water, and filter off the undi.<solve<l calcium fluoride, /ifter drj’ing 
the jirccipitatc and burning the filter, it is ready for the etching test. 

4. Silver Nitrate causes no precipitation from solutions of soluble 
fluorides. 

5. Barium Acetate precipitates ])arium fluoride soluble in an excess 
of mineral acid and in ammonium salts. Traces of fluorine present as 
Iiresorvative in foods, liquors, etc., may be detected by adding a little 
])otassiiim sulfate (about 0.3 g) to the solution, heating it to boiling, and 
slowly introducing 10 ml of 10 per cent barium acetate solution. The 
precipitate of barium sulfate and fluoride is then subjected to the etching 
test.* 

• Cf. Blarez, Chem. Xetes, 91, 39; also Woodman and Talbot, J. Am.' Chem. 
Soc., 27, M37. 
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6. Calcium Chloride gives a white, slimy precipitate, difficultly solulde 
in hydrochloric and nitric acids, but almost insoluble in acetic acid. 
On account of its slimy consistency, the precipitated, calcium fluoride 
is extremely hard to filter; but by precipitating it in the presence of cal- 
cium carbonate a mi.xtiire is obtained which Van be readily filtered. 
After igniting and treating with acetic acid, the precipitate is changed 
to soluble calcium acetate and insoluble calcium fluoride; it is now 
much denser and can be filtered readily. 

7. Ferric Chloride produces iji concentrated .solutions of alkali 
fluorides a white, crystalline precipitate corre.sponding to the general 
formula MafFePe]. These salts, which are analogous to crj'olite, 
NaafAlFc), are difficultly soluble in water, and their satinatod, aqueous 
solutions do not give the iron reaction upon the addition of pota.^sium 
thiocyanate, except after the addition of acid. Tht'sc complex fluorides 
also arc slightly decomposed by ammonia, forming a basic ferric fluoride. 

8. Lanthanum Acetate, La'(C;IIa()2)3, produces a gdafinous precipi- 
tate whicli slowly cliangcs to crystalline LaFj ■ 3 11^0. llie pn'cipitatc; 
is difficultly soluble in dilute acids but is gradually dissolved by strong 
mineral acids. 

9. Zirconium Chloride, ZrC'l^, and Sodium Alizarin Sulfonate, 

0 OH 

OH 


CuH 704 S 0 aNa or 



\/.SO.,Na 


, react to give a dark reddish 


violet compound, but the addition of fluoride ions cause.s dcenlorization, 
due to the formation of colorless (Zrl'e) complex aJiioiis. Larg(‘ quan- 
tities of sulfate, thiosulfate, phosphate, arsenate, and oxalate intc-rfere 

with the test. 

Prepare test paper as fellows: Heal siroorm.m oxirle will, 2 A' liydrorl.lorie arij 
and filter; the solulioj] should contain aliout 0.5 lii|- 7.r per lol. I rent a little of llie 
zireonium chloride solution with a sliKl.t escess of .sodium alizarm su foliate in iileo lol. 

To determine whellicr an excess is prr-sciit, sliiikc a liltlc nf the with e her; 

the ether wUl assume a ycliuw color if an excess of iilizarii. Iiiai l.c,.|, iidi led. lent 
the mixture for 10 minute.s in lioiling water; impregnate Idler paper w it h the .solution, 

and dry. /.i . . 

To teat for fluoride, add 1 drop of 50 per cent acetic acid to a ,,i,.ee of the e.s |,.iper 

and upon the moist, red spot ,,laee a drop of tlie neutral soliilioii to he lesksl. If 
fluorik anions are preso.il, the s,»,l will turn yellow. As little as 1 of 1; ean he 
detected, hut with Imall quantities of fluoride it is l-.st to hea the paper in sleaiii. 

If oxalate is present, find decompose it l.y liealiiig the sample hefore tnah.ng tl.i, 
test. If sulfat is present, add K,.ne henxidine liydroehlor.de to the test solnli i, 
and place a drop of the solution containing the Isrnx.dn.e suirale pre, ipitate in sus- 
pension on the Lt paper; the red xlrconium-alixarn. spot ean the., he seen on the 

back of the paper. 
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METHODS FOR GETTING INSOLUBLE FLUORIDES INTO 

SOLUTION 

(а) Calcium fluoride alone cannot be decomposed completely by fusing with 
sodium carbonate. The aqueous solution of the melt always contains a consider- 
able amount of sodium fluoride, but never the total amount of the fluorine. If 
however, the fluoride is mixed with silica or a silicate, complete decomposition can 
be effected by fusing with sodium carbonate. The silica decomposes calcium flu- 
oride, forming calcium fluosilicate and calcium silicate, salts which are decomposed 
by fusion with sodium carbonate. 

On treating the melt with water, sodium fluoride and sodium silicate go into 
solution, while the calcium is left behind on the carbonate and can be dissolved by 
treatment with dilute hydrochloric acid. To detect fluorine in silicates, they should 
first be subjected to sodium carbonate fusion. 

(б) All fluorides are decomposed by heating with concentrated sulfuric acid, being 
changed to sulfates. 

Reactions in the Dry Way 

Most fluorides are unchanged by ignition. By heating them with 
silica in moist air, they are all more or less completely decomposed; 

CaFo + HoO + SiOs -> CaSiOs + H.F3 T 
2 H3F2 + SiOa SiF4 T + 2 H2O 

The acid fluorides gives off hydrofluoric acid on ignition, whereby the 
glass tul>e in which they are heated becomes etched. 


Fluosilicic Acid, HoSiFc 

Preparation. — As we have seen, this acid is formed by the action of 
silicon fluoride upon water: 

3 SiF4 + 4 H 2 O -> 2 HafSiFe] + H4Si04 

If the silicic acid is filtered off, a strongly acid solution Is obtained 
containing fluosilicic acid. By evaporating the solution, the acid is 
decomposed into silicon fluoride and hydrofluoric acid, 

H2(SiFcI->SiF4T + 


so that fluosilicic acid itself is known only in aqueous solution, although 
its salts are very stable. 

Solubility. — Mo.st fluosilicates are soluble in water; the pota.-^.'^iuin 
and barium salts form exceptions, being difficultly soluble in water and 
insoluble in alcohol. 

Reactions in the fJ et If ay 

A solution of sodium fluo.«ilicate should !»• used. 

1. Dilute Sulfuric Acid causes only very slight decomposition. 

2. Concentrated Sulfuric Acid decomposes fluosilicates, evolving sili- 
con fluoride and hydrofluoric acid: 

Na^SiFo + H-.S 04 Na-SO^ + SiF4 T + HoF. T 


If the reaction Ls performed in a platinum cnicil)l(s the escaping gas 
will 'etch glass, and will cau.se a drop of water to bta’ome turliid. 

3. Ammonia decompo.ses all soluble fluosilicates, with separation of 
silicic acid: 

Na^SiFo + 4 NHiOH -» 2 NaF -|- 4 NII^F + H 4 Si 04 

4. Barium Chloride gives a crystalline pret-ipitale (1 g Ba[SiFe] 

dissolves in about 3750 ml of wafer at 17°). 

5. Potassium Chloride produc<'s, from solutions which arc not too 

dilute, a gelatinou.s precipitab- of pota^vsiiim fluosilicate, wliich is diffi- 
cultly soluble in water (1 g of di.ssolves in' 83.5 ml of water at 1 7°) 

and much more insoluble in an exee.ss of pota.'^siuni chloride or in alcohol, 
but soluble in ammonium chloride. 

6. Silver Nitrate produce.s no precipitation. 

7. Potassium and Sodium Hydroxides react in the same way as 
ammonia, but the silicic acid remains in solution as alkali silicate*. 
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Reactions in the Dry Way 

Fluosilicates are decomposed on being heated into fluoride of the 
metal and silicon fluoride: 

KaSiF* 2 KF + SiF4 T 

The escaping gas renders a drop of water turbid, and the residue gives 
ail the reactions of a fluoride. 


GROUP vn 

NON-VOLATILE ACIDS WHICH FORM SOLUBLE S.ALTS WITH 

THE ALKALIES 


SILICIC Acm, H 4 Si 04 AND HsSiOj 

Occurrence. — The above acids, from which very stable salts are derived, are not 
known in the free state; the same is true of carbonic and sulfurous acids. Tliere 
are, however, amorphous, natural iniDerals consisting of hydrated silica with varying 
amounts of water: water opal with about 3G per cent water, ordinary opal with 3 
to 13 per cent water, and hyalite with about 3 per cent water; l)ut none of thc.^e 
substances represents a coinfwund of constant composition. 

The anhydride SiO^ occurs in rhombohedra! crystals as qii.artz, whose pri.snmuc 
faces are almost always striated horizontally; and ns tridymite, also cry.'tallizing 
in the hexagonal system. The amorphous silicic aciil is often found mixed uiih the 
crystallized anhydride as flint, agate, chalcedony, ja>|)cr, etc. Silicic acid is, however, 
most frequently found in the form of its salts, the silicate.s. 

Preparation and Properties. — Silicic acid can be very leudily obtained by the 

hydrolysis of its fluoride, 

3 SiF* + -1 11:0 2 II^SiFe + HiSiO* 

or by the decomposition of alkali silicates (water-glass) with acids: 

NajSiOj + 2 HCI - 2 N'aCl + lUSiO, 

The silicic acid thu-s obtained forms an amorphous, gelatinous mass, appreciably 
soluble in water and acids, and readily soluble in even dihilc .solutions of ctULstic 
alkaUes or alkaline curbonate.s. Thus frc.<hly precipituled silicic acid will be readily 
and completely dissolved by a short digestion witli G per rent (or even 1 per cent) 
sodium carbonate solution on the watei-laith. On being dried, silicic ucid gradually 
loses water, and at a gentle red heal is change.l info the anhydride. Aee.>iding to 
the extent to which the dehydration has gone, the .solubility of the silicic acid diinin- 

ifihes both in acids and in ulkulics. 

1. Air^ricd fiilicic acid, with 1G.G5 per cent of water, votrospondluK to (he for- 
mula 3 SiO, • 2 H,0. is perceptibly soluble in acids, and completely dissolved by 
digestion for one-quartcr to one-half an hour with 1 per cent .sodium carbonate 
solution on the water-bath. 

2. SUicic acid dnal at 100® with 13.00 per cent of water, corresponding to the 
formula 2 SiO, • H,0, is practically iuMk in acuh, but can be dis-solvcd by digest- 
ing for onoKiuarter hour with 1 i>cr cent sodium carbonate solution ui^on the water- 
bath, or more readily by boiling. 

3. Silicic acid dried at 200®, with 5.06 per cent of water, corresponding to the 
formula 6 SiO, • 11,0 and the acid dried at 300®, with S.'IO per cent of water, corre- 
sponding to the formula 0 SiO, • 11,0, dissolve slowly by dige-stion with 1 per cent 

w>dium carbonate solution on the water-bath. 

4. The anhydride obtained by gentle ignition to a dull-red heat is only partly 
dissolved by 1 per cent or by 5 per cent sodium carbonate after half an hour s digcs- 
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tion OD the water-bathj but is dissolved after boiling for two hours with the sodiuiD 
carbonate solution. 

5. The strongly ignited anhydride is dissolved slowly by 5 per cent sodium car- 
bonate solution after repeated boiling for a long time, but is readily dissolved by 
boiling with concentrated caustic soda or potash. 

6. The native anhydride, quartz, after being powdered in an agate mortar, is 
practically insoluble in 5 per cent sodium carbonate solution, and very diffi cultly 
soluble in boiling caustic alkali. If it is in the form of an extremely Sne powder, 
it can be dissolved by boiling with 5 per cent sodium carbonate solution (Lunge and 
Millberg). 

It follows from the above that the solubility of silicic acid (and of its anhydride) 
in alkali carbonates depends largely upon the fineness of the material. 

Silicic acid, as well as its anhydride, is soluble in aqueous hydrofluoric acid, form- 
ing fiuosilicic acid: 

SiOj + G HF 2 HiO -f- HaSiF* 

By evaporating this solution hydrofluoric acid and silicon fluoride are evolved, 
and small amounts of silicic acid are left behind. In order, then, to volatilize silicic 
acid completely by mciins of hydrofluoric acid, the hydrolytic action of water must 
be prevented, which is effected by the addition of a little concentrated sulfuric acid. 
The procedure is as follows: 

Moisten the substance in a platinum crucible with a very little water, add not 
more than I m! of concentrated sulfuric acid and then the hydrofluoric acid. Evapo- 
rate the mixture on the water-bath, or suspend the crucible in a large crucible, and 
heat the latter until the hydrofluoric acid is e.xpclled, cool, add another portion of 
hydrofluoric acid, and again evaporate. If a very large quantity of silicic acid is 
present it may be necessary to treat with hydrofluoric acid a third time. It is 
better to proceed in this way than to add a large quantity of hydrofluoric acid at one 
time. Finally drive off tlio sulfuric acid by beating directly over a small flame. 

The salts of silicic acid, the silicates, are exceedingly numerous, and are usually 
very stable. M.^ny of them are so stable that they are not attacked by concentrated 
mineral acids other than hyd-oflvioric acid, while others are easily decomposed. 

The diflercnt silicates are classified according to their solubility into 

A. Water-soluble silicatas. 

B. ^ ater-insoluble silicates, which are again subdivided into 

(а) Silicates decomposable by acids, 

(б) Silicates undecomposable by acids. 

Silicic acid is not soluble in water except to form colloidal solutions, and it yields 
scarcely any hydrogen ions. In this respect it is a very weak acid, but, since it is 
practically non-volatile, it i.s capable of expelling the acid from the salts of strong acids 
provided the base itself is not volatile at the temperature at which the salt is de- 
composed. Tlie silicates, therefore, are very stable compounds particularly toward 
heat. The natural silicates arc derived from orthosilicic acid, H^SiO^, from meta- 
silicic acid, H’SiOj, and also from polysilicic acids such as H^SuOa, and HijSijOij. 
The solubility of the silicate depends upon two factors — the solubility of the oxide 
of the base and the proportion of silicic acid present. As a general rule, the salts 
of ortho- and metasUicic acids are more soluble than those of the polysilicic acids. 
Thus sodium and potassium ortho- and metasUicates are soluble in water, whereas a 
polysilicate may contain alkali as its principal base and yet be undecomposable by 
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concentrated hydrochloric acid. SucJi silicates may, however, be decomjxised by 
melting with a solid acid such as boric acid, or by treating with mineral acid in a 
sealed tube. 

Salts of bases of which the ignited oxides are very insoluble, such as .\l"Oj, some- 
times form insoluble silicates of the ortho- uiid meta- types. 


A. TTater-soluble SiUcafea 

The silicates which are soluble in water, or “ water-glaj^ses,” are obtained by fusing 
silica or a silicate with cau-'^tir alkali or alkali cnrlxmate; 

SiO- + Na-COj - Na»SiOj + CO, f 

1. Behavior Toward Acids. — The .aqueoiLs solution of an alkali silicate react.s 
strongly alkaline, showing tliat the salt i.s hydrnl 3 zerl to a marked ilegrec : 

SiOs” + 2 H 2 O -> 2 Oil' + ILSiOj 

The sUicic acid set free by the hydroly.sis i.-; pre.-^ent a.s hydrosol in the solution. 
By the addition of acid the alkali hy.lK.xi.le i.s converfed into salt and a i>at( of (he 
silicic acid is coagulated, provided the solution is not too dilute. 1 lie precipitation 
is by no means quantitative; ti con.siderulilc (piantily of .silicic acid remains in ...dti- 
tion and, in fact, under some condi(i«.n.s all of it may remain di.<solvc.l m the dilute 
acid. If. namely, a 10 per cent watcr-gla.^ solution is p.mred quickly into hydro- 
chloric acid of den.sity 1.1 to 1.3, there is no precipitation. After standing some 
time, however, the entire contents of the beaker are eljaMKC< to a jc >. lom 
per cent solutions treated similarly with acid, no prccii.itatc api)eam even after 

standing a year. , , 

The silicic acid which is precipitated upon tlic addition of acid us therefore, ap- 
preciably soluble ill dilute acids. In ordi-r to si'paiato silicic acnl completely froin 
a solution of water-glass, the hydrated aci<l mu-st be «-!Kinge<l into the le.vs hydrated 
acid. 2 SiO,.HA by heating at 100' C tcf. ).. -lid). F..r tins purpose acidify 
the water-glass solution with hydrochloric a. i.l for nitric or Milfunc acid) ami evapo- 
rate on the water-bath to complete dr 3 ne.s.s (the mas.s must no longer s.nc 1 of acid). 
Moisten the dry residue with strong tioid, warm slightly, dilute, and filter ofT the 
Bilicic acid. The small ainoiint of silica lemaining in solution cun be removed al- 
most entirely by a second evaporation of the filtrate. • , . } 

2 . Behavior Toward Ammonium Salts. -If o of ,votor-sla.ss b treated 

with an ammonium salt, the silicic odd will, for tl.c ,„ost pari, be proe,„,la cd a., 
hydroxide; the precipitation is not quantitative, but more cou,,.lcte than is ohlamcd 

by the addition of cold, dilute acid: 

biOr' + 2 NH/ Niii + H^SiO) 

IJIIa -b II 2 O 1=^ NHdOn 

The hydroxide ions l.ave a .narked solvent action the silicic acid. For this 
mason iL precipitation is morn complete with an ammo,,, um salt of a » ,,e I 

than with that of a weak acid, which is already hydrolyse,! to a c„„s,do able oxteat. 
Bolling off the ammonia helps to nmke the reac.im, complete. The u,sc 
carbonate, though less satisfactory that, aiumomum chloride, is uecescary when it a, 

desired to test the solution for chloride. 
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Silicic acid is more completely precipitated by hexamminezmc hydroxide than by 
ammonium carbonate, 

SiOa" + [Zii(NHs)e] (OH)j 2 OH’ + 6 NH, t + ZnSiO, 

because the zinc silicate formed by the reaction is much more difficultly soluble in 
dilute alkaline solution than is the free silicic acid. 

The separation of silicic acid from a solution of water-glass by means of ammonium 
carbonate may be illustrated by a common example. Many rocks (particularly the 
zircon-syenite of Nonvay and Greenland, many granites and basalts) contain small 
amounts of sodalite, NaCl • 3 Na.\lSiO«, a chloride-silicate of the leucite group. In 
order to detect the chlorine in such a rock, the following process may be used: Fuse 
the finely powdered silicate with six times as much sodium carbonate in a platinum 
crucible, extract the product of the fiision with cold water, and filter. The filtrate 
contains all the chlorine as sodium chloride in the presence of sodium silicate. Treat 
the solution with ammonium carbonate, warm gently, allow to stand twelve hours, 
and then filter off the precipitated silicic acid. In order to separate the rest of the 
silicic acid, add a little hc.xamminezinc hydroxide and boil the solution until it no 
longer smells of ammonia. Filter off the precipitated zinc silicate and zinc oxide, 
acidify the filtrate with nitric acid, and test for chloride with silver nitrate. 

To prepare the hcxamminezinc hydroxide dissolve pure zinc in nitric acid, treat the 
solution with potassium hydroxide solution until it is neutral, and dissolve the 
filtered an<l washed zinc hydroxide in 6-normal ammonium hydroxide. 

3. Ammonium Molybdate and Benzidine. — Silicic acid, like phosphoric and ar- 
senic acids, forms n complex acid with iiiolybdic acid, but, unlike these other acids, 
the ammonium salt, (NTl,)iSi 04 • 12 MoO:, is soluble in nitric acid. The foUowng 
te-st serves to detect its little as 0.1 y of dissolved SiOj and can be used after a precipi- 
tate of antmonium pliospliomolybdate has been removed by filtration. 

As reagents u.se (1) nmmoniuin molybdate solution prepared by dissolving 5 g of 
the commercial .salt in 100 ml of water and pouring into 35 ml of 6 A HNOj; (2) 
bcnzitline solution prepared by dissolving 0.5 g of benzidine or benzidine hydrochlo 
ride in 10 ml of glacial .acetic acid and diluting trith water to 100 ml; (3) saturated 
sodium acetate solution. 

Place 1 drop of the solution to be tested (not over 0.5 in acid) in a small porce- 
lain crucible, and add 1 drop of ammonium molybdate solution. Heat gently over 
wire gauze until hul»blcs escape. Cool, and to the cold solution add 1 drop of ben- 
zidine solutiorj and a few drops of sodium acetate sohition. A blue color shows the 
presence of SiOj (Fcigl). 

The crucible must be treated with the reagents before applying the test, in order to 
make sure that SiOj i.s not obtained from it. The blue color has been called “ molyb- 
denum blue ” but although it ii caused by reduction of the Mo in the complex acid 
it i.s probably true that a blue quinoidul compound is formed at the same time by the 
o.xidation of the benzidine. 


B. Silicates Insoluble in Water 

(a) Decomposable by Acids 

A large numl>er of native silicates are decomposed by e%'aporation with hydro- 
chloric acid, the silic.a being deposited sometimes in the form of a jelly and sometimes 
in the form of a powdery mass. All zeolites, and a number of artificial silicates (such 
as Portland and Roman cements) belong to this class of silicates. 
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To remove all the silicic acid from these silicates, treat the finely powdered mineral 
with dilute hydrochloric acid and evaporate to dryness on the water-bath. During 
the evaporation to dryness salts like aluminum chloride (ferric chloride, etc.) are 
subject to hydrolysis and are converted to some extent into oxide or basic salt, 
insoluble in water. Therefore, in order to separate the .«ilicic acid from the saU-s, 
it is first necessary to convert such oxides of basic salts back into chlorides. This 
is accomplished by moistening the dry re.-^idue with concentrated liydrochloric 
acid. After warming the acid with the residue for about ten minutes, dilute with 
hot water, boil, and filter off the silicic acid, u-sing an a.'^hlcs.s filter. 

The purity of the residual .silicic acid inu.st aiway.s lie te.<te<l. For this purpose, 
place the well-washed precipitate, togeflier wifl» the filter paper, in a weigiied i)lati- 
num crucible which rests in an inclined position on a triangle. Drj’ carefully by a low 
fiame placed in front of the crucible, and then ignite at as low a temperature a.s 
possible, with the flame now at the base of the eriicil)le. until the carljon of the filter 
is all consumed. Then, for the first time, ignite strongly, cool somewhat, place in 
a desiccator, and weigh when perfectly cool. Treat witli liydrofluoric and .siiiriiric 
acids as described on page 1 ! f. ignite, and weigh after projier cooling. A difTerence 
in the weights before and after (lie treatment with these acids shows not «inly the 
presence of silica, but also (he quantity of it. T his quantitative iiiethod i.s neres'^.iry 
for the detection of small quantities of .<ilicic acid. If the .silicic acid were jmre, 
nothing should remain after tlie evaporation of the .sulfurie acid. .Almo.'^f always a 
small residue of ulutriinum and ferric oxides remains, which in iiio.'-t cases can be 
neglected. If considerable residue i.s left, it .>^lit»uld .alway.s be tested for titanic acid, 
barium sulfate, and possilily tin dioxide. 

To identify the silicic acid qualitatively, Daniel’s tetrufluoriilc lest is sati.sfactor\ .* 


DANIEI/S TETU.M IA OltIDK TEST 

Ignite the well-wa.shed preci|)ifatc, a.s de-crilicd above, in a filatiiium crucible, 
then triturate in u mortar with three times as much pola"iiim .'(xlimii c.irlionate, 
and fuse the mixture in the crucible. .After cooling llie melt, Miflcn it by li<'a(iiig 
with a little water and treat with dilute sulfuric acid to d.eomposc the excc.ss of 
carlxmate as well u.s the salt of silicic ;i<i<l ftuim-d <luiiiig tlu- fusion. Ib-af the 
mixture in the crucible, by placing (he cru< il>lc npi>n a jiicce of absc.-to.s }.o;ird, and 
evaporate nearly to drync.ss, or until a thick jelly of silicic acid remains. .Vfler 
cooling, add three liiiios a.s nnieli (lurir-^par as tlii re was original pi(ei|,i(ate, a little 
magnesite, and enough concentrated sulfurii- aeid to mal.e a tlun paste, .\fter 
mixing the contents of (he erueilde with the aid of a stout platmuin wire, pla<e a 
drop of water on the inside of the enn ible cover, whieh is j)artl> painteil with as- 
plmltum, place the cover on (he crueible, and heal the eonteiits gently. I'rom time 
U) time, raise the cover to see wliether the water ha.s beeome (iiibid, Jt frequently 
happens that the water l)ecom«-.s (iirbiil, ami then, provided a large oxcos of hydro- 
fluoric acid is present, the turbidity disappear. For this n-a-M.n the cover must lie 

inspected frequently in order not to miss any tenii>orary (uibiditj. 

The tetrafluoride teat for silicic acid is very M-nsilive if llie reaction is carried out 
in a very small platinum crucible. If such a crucible Is not at 

of, wty, 0.5 to 1 ml, it is IretU-r to te-H by the qiiuiililalive method if le-s-s lliuii 0,01 g 

of silicic acid is present. 


* Z. anorg. Chem., 30, 299 (1904). 
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( 6 ) Undecomposc^le hy Acids 

Most silicates, the feldspars, micas, artificial glasses, porcelain, etc., belong to this 
class. In order to remove the silicic acid from such substances, they must be 

1. Fused with an alkali carbonate, 

2. Fused with lead oxide or boron trioxide, or 

3. Heated with sulfuric and hydrofluoric acids. 

The effect of fusing a sUlcate with an alkali carbonate, or with a fusible oxide of 
some metal such as lead, is to increase the proportion of base in the silicate mole- 
cule. When the proportion of base is increased, the solubility of the sUicate is also 
increased provided the base is itself readily soluble in acid. It is not at all necessary, 
therefore, to get all the silicic acid in the form of sodium silicate or of lead silicate, 
by fusing mth sodium carbonate or with lead oxide, but it is sufficient if the silicate 
is coverted into a silicate which is decomposable by acid. For this reason the fusion 
with sodium carbonate or with lead oxide is often said to open up the silicate. It 
converts the silicate into the ortho- or meta- t>'pe and makes the silicate decom- 
posable by acid. Thus after fusing with sodium carbonate, for example, it will be 
found that part of the sodium is converted into water-soluble sodium silicate and 
part of it into a double silicate which is decomposable by acid. A part of the sodium 
and a part of the silicate can be dissolved out of the fused mass by treatment with 
hot water. 

1. Fusion unUi an Alkali Carbonate. — This method is commonly used when it 
is desired to detect the presence of silicic acid and of all the bases except the alkalies. 

Mix the finely powdered substance with 4-C limes as much calcined sodium car- 
bonate (or a mixture of equal parts of sodium and potassium carbonates, which 
melts lower than sodium carbonate alone), and fuse the mi.xture in a platinum 
crucible, heating carefully at first to avoid spattering from too violent evolution of 
carbon dio.xide. Gradually increase the temperature until the full heat of the 
burner is reached, and continue fusing until the molten mass is quiet, and then heat 
for about a quarter of an hour over the blast lamp. Make a spiral by winding some 
platinum wire around a stirring rod, and insert the spiral in the melt. Cool the cru- 
cible quickly by directing a blast of cold air against its sides, and while the con- 
tents of the crucible are still warm, but not hot enough to spatter badly, cover with 
a little water from the wash bottle. After a few minutes the fusion can usually be 
withdrawn with the aid of the platinum spiral. Treat the product of the fusion 
as described on page 447. 

2. Fusion with Lead Oxide or Boron Trioxide. — These methods are very rarely 
used in qualitative analj-sis, so that it will not be necessary to describe them here. 
They play a more important part in quantitative analysis and will be described, 
therefore, in the second volume of this book. 

3. Decomposition by Hydrofluoric Acid. — This method is used principally when 
a silicate is to be examined for alkalies, titanic acid, or barium. 

Treat the finely powdered silicate in a platinum dish with about 2 ml of pure sul- 
furic acid (1 vol. concentrated acid and 2 vols. of water) and about 5 ml of pure 48 
per cent hydrofluoric acid. Evaporate the mixture on the water-bath, stirring the 
ma.ss from time to time with a thick platinum wire until it no longer smells of hydro- 
fluoric acid. Add 5 ml more of hydrofluoric acid and again evaporate, finally heating 
the dish very carefully over the free flame, under a good hood, until the greater 
part of the sulfuric acid is e.xpelled. The mass should not be ignited strongly, for 
a part of the sulfate may then be changed to an oxide insoluble in water. The sul- 
fates of iron and aluminum, for example, are decomposed on ignition. After cooling, 


SILICIC ACID 


449 


treat the mass with water, and usually everything will gradually go into solution. 
If a residue remains, test it for barium sulfate, titanic acid, and tinstone. The so- 
lution can be used for the alkali tests, or for the tests for the other metals, if it is 
desired. 


Reactions in the Dry Way 

If silicic acid or a silicate is healed in the salt of pho.sj)horus bead, the 
metallic oxide will dissolve, while the .<ilicic acid itself will be left as a 
white gelatinous mass, suspended in the bead (skeleton bead). Tliis 
reaction, however, is not infallible, for certain silicates of the zeolite 
group dissolve in the bead witliout the formation of the skeleton. 



Silicon, Si. At Wt. 28.3, At No. 14 


Properties. — Silicon exists in two modifications, one of which is crystalline, while 
the other is amorphous. Amorphous silicon is a dark brown powder, which can be 
oxidized by heating in the air. The crystalline modification remains unchanged on 
ignition in pure air or in oxj-gen, but if the air contains carbon dioxide, it is oxidized 
to silicon dioxide with deposition of carbon: 

COi + Si ^ SiO, + C 

Cr>’stallized silicon is not attacked by any acid, but is readily dissolved by boiling 
with concentrated caustic alkali with evolution of hydrogen: 

Si + 2 OH“ + HiO SiO,— + 2 H, T 

Silicon unites with many metals, forming silicides. The silicides of the light 
metals, magnesium, calcium, etc., are decomposed by dilute hydrocliloric acid with 
the formation of spontaneously combustible silicon hydride: 

iMg,Si + 4 H+ 2 Mg++ + HiSi t 

The hydride of silicon is not spontaneously combustible when pure, only when 
it is contaminated with hydrogen, as it invariably is. 

In order to detect the presence of silicon in such a compound, treat it with nitric 
acid, which oxidizes the grcittcr part of the silicon to silicic acid. 


DETECTION OF SILICON IN IRON AND STEEL 

If it is a question of detecting the presence of silicon in the different kinds of ferrous 
alloys (steel, cast iron, etc.), take a large quantity of material, for the amount of iron 
silicide present is usually very small. Place o to 10 g of the material (best in the 
form of borings) in a large beaker and treat with CO ml of 6-normal nitric acid. A 
violent reaction at once takers place with evolution of brown nitrous fumes. As 
soon ns this action lessons, heat the solution to boiling, and continue heating until 
no more brown fumes are given ofi'. Pour the solution into a 200-ml casserole and 
evaporate as far a.s possible upon the water-bath. Heat the residue carefully over 
a free flame until it is perfectly dni-, and then ignite the mass until the nitrate is 
completely chauged to oxide, when no more brown fumes will be evolved. After 
cooling, dissolve the mass in about 50 ml of concentrated hydrochloric acid, heat 
with cojistant stirring almost to boiling, evaporate nearly to drj'ness, take up in 
water, filter, and test the residue for silicic acid, by seeing whether it is volatile with 
sulfuric and hydrofluoric acids. 

In the analysis of cast iron, the silicic acid obtained is contaminated with graphite, 
which can be removed by long ignition in a platinum crucible before treating with 
hydrofluoric and sulfuric acids. 
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DETECTION OF SILICON IN CARBORUNDUM AND METAL 

SILICIDES 


Other silicides, such as carborundum, SiC, are not decomposed by nitric add; 
they can be fused with caustic alkali in a silver crucible, 

SiC + 4 KOH + 2 H,0 ^ KjSiO, + K 2 CO 3 + 4 II 3 f 

and on acidifying the melt, the silicic acid separates out. During tlie fusion the 
liberated hydrogen takes lire and forni-s water with tlie o.xygeu of the air. 

Carborundum in the form of a fine powder is also ca.'ily decomposed by fusing with 
potassium carbonate. On removing the cover of tlie platinum crucible the blue 
flame of burning carbon monoxide Is seen : 

3 KjCOj + SiC ^ K.SiOj + 2 K^O + 1 CO [ 


The method of fusing silicides with cau.stic alkali i.s often u.sed for getting metallic 
eilicides into solution. Many coppiT-Mlictm alloys are scarcely attacked l>y even 
^Ua regia. If, however, they arc fu'cd with cau-'-li»' alkali in a silver cruiiljlc, 
alkali silicate, metallic copper, ami hydiogcn .arc fortncil; 

SiCuj + 2 Oir + ILO ^ SiOa” + 2 Cu + 2 II 2 T 


By treating the melt with water, (lie fi-olul)lc pot:i.'.-iuiii silicate can be separated 
from the copper. 



PART IV. SYSTEMATIC ANALYSIS 


The purpose of qualitative analj^is is not simply to find out what 
elements are contained in a given substance, but the aim should also 
be to get a good idea of the relative amounts that are present. Man- 
ganese chloride, for example, is made from pyrolusite, and almost 
always contains traces of calcium, magnesium, nickel, cobalt, and iron. 
If the analyst should report that “the analyzed substance consists 
of chlorides of calcium, magnesium, nickel, cobalt, iron, and manganese,” 
it is evident that one would get but a poor idea of the nature of the 
substance. The report should read: “The substance examined was 
manganese chloride, and contained traces of calcium, magnesium, etc., 
as impurities.” 

In order to be able to estimate the relative amounts of the different 
components of a substance, it is necessary to start with a known amount 
(usually I- to 1 g) and compare the size of the precipitates produced. 
It will be impos.sible for the beginner to estimate the amount of a pre- 
cipitate obtained, if ho has studied the reactions of the elements with 
unknown amounts of the different substances. If, however, he has 
learned to work with a known amount of material, he will soon be able 
to judge from the size of a precipitate the amount of element to which 
it corresponds. 

It is a good plan first to work through the analysis of each group with 
a known solution containing 20 mg of each element and then it is com- 
paratively easy to determine approximately how much of each element 
is present by the test obtained in the analysis of any unknown. Thus, 
starting with 1 g of the original substance, it is often convenient to 
designate a constituent as present in small quantity when apparently 
le.ss than 10 mg is found, as present in medium quantity when from 10 
to 50 mg is found, and as present in large quantity when distinctly more 
than 50 mg is present. Experience with large classes of students has 
.shown that such judgments are correct in nearly nine cases out of ten. 
It should be borne in mind, moreover, that, for estimating small quan- 
tities of substances, qualitative tests are wore accurate than any method 
of quantitative analysis. Thus all colorimetric methods of quantitative 
analysis are really based on qualitative tests. The comparison of a 
test with one obtained using a knoivn quantity of substance often gives 
a more exact determination of the quantity present than a method in- 
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volving weigliing or titration. This is because it is easy to prepare a 
solution containing, say, i mg per ml witli an error of less than 5 parts 
per 1000, by dissolving 1000 times as much in a liter and thoroughly 
shaking; but it is more ditBcult to determine by direct weighing and 
with equal accuracy the presence of only 1 mg of .substance. By the 
process of diluting and taking an aliquot part, it is possible to prepare 
a solution containing a \eiy small known cjuantity of any soluble 
substance. For convenience, it is well to have .solutions at hand con- 
taining exactly 10 mg per ml of ea<'h constituent. By taking three small 
drops of .such a .solution, appio.ximately 1 mg of tiie constituent can be 

obtained. 

Every analy.sis should be divided into three parts: 

I. The preliminary cxaminalion. 
n. The examination for the iinfais (caOVn/.s). 

ni. The examination for the najalive eU menls (union.s). 

The substance analyzed may be 

A. Solid and non-metallic. 

B. A metal or an alloy. 

C. A solution (liquid). 

D. A gas. 


The whole amount of the subslaiKs* at liand slnnild nev<'r be used 
r the finst analysis, but a portion should always be reserved for un- 
rescen accidents. The portion taken for analy>is should be divided 
to two parts after the jn-eliminary e.xatiiinalitjn, the first part Ising 
d for the te.sts for the bjisic conslilueiils and the otlnr part for tlie 
-S for the acidic constituents. 

tt the start of an anal^'.sis, tin* substance should be carefully c.\amin<'<l 
h the naked eye and with tin* mici'oscojw, and th(‘ results noted, 
cntimes the odor, color, anrl cry.stalliue form give important clues 

it l/k £.1... ...I ..Jo...... 


A. The Substance is Solid and Non-metallic* 

I. PRELIMINARY EXAMINATION 

This should never be omittcfl, for it often shows how the subsetpient 
analysis may be considi’rably shortemal, and sometimes makes the fui- 
ther examination uimcce.s.sary. It con.si.st.s only of making the following 

E'W simple te.sts: 

L Heating in the Closed Tube. — By a clo.sed tub<- is umlenslood 
a small glas-s tube about 10 cm long and 0.5 cm in diameter sealed at 

• See pages 488, 48U for B and C. 
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one end. Place a little of the substance in the tube so that none of 
it remains adhering to the sides, hold the tube in a nearly horizontal 
position, and cautiously heat in the flame, noting carefully whether any 
change takes place. 

The Substance is Volatile 

(а) The substance sublimes completely without any deposition of 
water; it contains no non-volatile substance. 

The sublimate is white. The halogen compounds of ammonium,* 
mercuric and mercurous chloride and bromide, mercuric aminochloride, 
arsenic trioxidc, and arsenic pentoxide may be present. 

Afsenic peroxide melts before being changed into the trioxide. 

The sublimate is colored — 

Gray: all oxygen compounds of mercury, cyanide of mercury, free 
iodine, and arsenic. 

Mcn-uric cyanide leaves a brown mass, paracyanide, which disappears only after 
loiig'coiitiiiucd heating. 

Yellow: anscnic sulfide, sulfur, mercuric iodide. 

Mercuric iodide becomes red immediately on being rubbed with a glass rod. 

Grayish black: mercuric sulfide. 

(б) 7'he substance is completely volatile, with separation of water and 
ga.sc()us products: mo.'^t ammonium compounds (with the exception 
of those of the lialogcns) and free oxalic acid. 

By very cautious heating, oxalic acid may be sublimed; it usually decomposes, 
however, into water, carbon monoxide, and carbon dioxide. 

The Substance is only Partly Volatile 

In this case gases and vapors may be evolved: 

0.rygcn from peroxide, nitrates, chlorates, iodates, etc. 

Carbon dioxide from carbonates and organic substances; in the latter 
ca.se it is usually accompanied with tlie separation of carbon and evo- 
lution of cinpyreumatic, combustible vapors. 

Chlorine from chlorides of platinum, gold, copper, iron, etc. 

Iodine from iodides, in the presence of oxidizing substances. 

Sulfur from many sulfides and thiosulfates. 

Arsenic from arsenites and arsenates, in the presence of carbon or 
organic substances. 

• In the case of ammonium salts, c.g., NH»C1, this is not a true sublimatiOT. 
Wheu heated NILCl gives NIL and IICl gases which combine again when chilled. 
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Aisenites are reduced without the aid of charcoal: 

10 — ♦ 6 K3.'\504 “h 6 KjO -j- Asi 

Water from substances containing water of crystallization, from acid 
salts, organic substances, or from the phosphate, borate, chromate, 
vanadate, and tungstate of ammonium. 

The water given off condenses in the cooler part of the tube and should 
be tested with litmus paper. If it n'acts alkalijie, it comes from am- 
monium compounds; if acid, it results from easily decomposable salts 
of the stronger acids. 

Many fluorides when heated with waf('r gi\c ofi hydrofluoric acid, 
which etches the glass. 

If a sublimate if formed, make the following expeiiiiK'iit: 

Mix a little of the subatance wilh three limea us much calcined sodium 
carhonaie and heat in the closed tube. If ammonium salts are present, 
the smell of ammonia can be d<-te<'ted. Mariinj eonipounds give a 
deposit of gray metal (cf. p. 108); arsenic and its o.xygen compounds 
also usually yield the gray nn-tal (but no gloluiles), accompanied by 

a garlic odor. 


The oxygen compound.'* of arj^cnic do ik'J give (lie inefal wlicii lieiUccJ witli piito 
sodium carbonate. Coimncreial .Muliiitn cailjonafc, however, is nsunWi coiitaiiu- 
lasted with enough pajKjr fibers to cuum^ tlic i eduction. 

2. Testing the Substance in the Bead, Makf a borax or >uJiun) 
phosphate bead in the loop of a very thin plaliiiinn wire (as deserihed en 
P- 74), introduce it with a little (if lliesiib.'lance inlo the oxidizing flame, 
observe the color of the liead both wiieii it is Iml and when it is cold, 
and then heat it in the reducing (lame. Ihuax is gi neially n>ed for 
this experiment, except when it is doired to test for silicic oi titanic 
acids, or when the suh.stance is white, in which case sail of phosji lorus 
is used. Only colored o.xides are capalile of rolormg I lie borax In ad. 

Some oxides are reduced to meU.I, so that the head i.|.r>ea.s. gray in (he .cdii. i„g 
flame (sec following lalile). CuSO, Is while when anhydrous, l.n( l.ecnines lilue 

iouncdiatcly on the addition of wafer. 

The following suhsta.icc.s iinpnit n clmra.’terislie color- lo lire- l.r-rirl: 
iron, mangane.se, nickel, cobalt, ehromiuni, maiiinm, (oppii ((K>in 

ium, cerium, vanadium, titanium, ami tungsten). 

Since the coloration varies will) (he temperatnre and with tlie amount 
<jf Hubstance used, the re.sults to l.e exiieeted, with the 
ditions, are summarized in the table on page 1 he followmg 

abbreviations are used : li = hot; c = cold; h-e - hoi .im mm , .s.s. 
slightly saturated; sat. = saturated. 
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3. Heating a Little of the Substance upon Charcoal before the Blow- 
pipe; if deflagration takes place a nitrate, nitrite, chlorate, iodate, etc., 
may be present. 


Color of 
tbo Bead | 

1 

With 

Wrrn S.ut op PHOssPHontrs* 

Id the Oxidtziog 
Flume 

Id the Reducing 
Flame 

Id the Oxidizing 
Flame 

In the Reduciz^ 
Flame 

Colorless 

SiO, (without 
skeleton), al- 
kaline earths, 
Hr, Pb, Bi, 
Sb. Cd, Zn, 
Rn, Ti 

SiOj (without 
skeleton), al- 
kaline earths 
and earths, 
Mn, Di, Ce, 
Cu (s.s.) 

SiO. (usually 
with skeleton), 
alkaline earths 
and earths 

(sat. = tur- 
bid) 

SiOj (usually 

with skeleton), 
alkaline earths 
and earths, 

Mn, Di, CJe, 
Cu (s.s.) 

W, Mo, Fe 
(s.s.— c) 


W, Ti 


Cray 


Ar, Pb, Bi. Sb, 

! Cd. Zn, Ni 


Ag. Pb, Bi, Sb, 
Cd, Zn, Ni 

Yellow 

(or 

brown) 

Fo (.s.s. — h), ,-\r 
(h), Ce (h), U 
(hh V (h- 
.sat.), Ni (c) 
(l)rowii) 

Ti (h), U' (h). 

V (h). Mo (h) 

Fe (s.s. — h), Ag 
(h), Fe (sat. — 
c), Ce (h), V 
(h), U (h), Ni 
(c) (brown) 

Fc (h), Ti (h) 

Green 

Cr (c), Cu (1.) 

Fe (h— c), U, 
Cr, V (h) 

Cr (c). Cu (h). 
Mo (h), U 
(c — sat.) 

Cr (c), U (c), 
V (c), Mo (c) 

Blue 

Co (h~c). 

Cu (c) 

1 

Co (h — c) 

Co (h-c), 

Cu (c) 

Co (h-e), W (c) 

Violet 

Mn (h — c), Di 
(h — v), and Ni 
(with cobalt) 


Mn (h— c). Di 
(h-c) 

Ti(c) 

Red 

. 1 

Fe (h — sat.) 

Ce (h) 

Cu (sat.), 
opaque; when 
very sliRhtly 
saturated and 
with a trace of 
Sn, ruby red 
and transpar- 
ent. 

Fe (h — sat.), 

Ce (h) 

Cu os in the 
bora.x bead; 

Ti and W iu 
the presence 

of iron = blood 
red 


4. Heating the Substance with Sodium Carbonate upon Charcoal 
before the Blowpipe. — Mix as much of the substance as can be taken 
up on the end of a knife-blade with twice as much sodium carbonate 
(as described on p. 78), place it in a cavity on a piece of charcoal, and 
heat in the reducing flame of the blowpipe. 
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There is obtained: 


(a) Metal without incrustation. 


(6) Metal with incrustation. . . 


As malleable button: Au, Ag, Sn, Cu, which can 
Ite pressed fiat in an agate mortar. 

As gray metallic particles; Pt, Fe, Ni, and Co, 

Pt may be pres.-^ed flat in ati agate mortar; Fe, 
Ni, and Co are attracted by a magnet (cf. p, 76). 

.As a brittle metallic button: Sb (white incrusta- 
tion), Bi (yellow Incrustation). The button 
may be reduced to a powder by grinding in an 
agate mortar. 

.\s a malleable button: Pb (yellow incrustation). 


f White, yellow when hot: Zn. 
(c) Incrustation without metal. | Brown: Cd. 

1 White: As (garlic-like odor). 


id) White, infusible, •'’‘rongly / Al. and rare earths. 

lmiuiiou.s muss [ 

(c) Sulfur compound.s are reduced to sulfide.'^. If the melt i.s placed on a bright 
silver coin and moi.xteiiod with water, the .'Silver i.« blackened (hep.-ir reaction). 


6. Testing the Substance for Coloration of the Non-luminous Flame. 

— Introduce a little of the sul)s(ntice on a platinum wire into the ha.'^e 
of the flame (cf. p. 72), and then into the fu.-^ion zone. Afterwards 
moisten it with dilute liydroelilorh* acid aud repeat the expt'riinetit. 

The following indications may he obtaiin’d: 

Sodium gives a yellow monoehronitilie liaine; a piece of scaling 
wax or a cry.stal of iKita-^.'^inm dicliromatc ap[)cars yellow when illumi- 
nated l)y this flame. 

Potassium (cesium and rubidium) gives a violet flume which is com- 
pletely obliterated by the sodium flam.-. If the flame i.s ol.seived 
through cobalt glas.s, the sodium (lam.) di.sapp.ars and the potiu^siurn 

flame appears pink. 

Lithium gives a carmine-r<-d flame (or a red line in the speetn.s.'ope). 
Strontium also gives a earmin.-red flame (wliieh the spr-elr.wenp.; 
shows to consist of .several lines in the orange, and a bright line in (lie 


blue). 

Calcium give.s a briek-red flame (in the spectroscope an orange aii.l 
a green line are seen, both about an equal di.stanee away from the sodium 
line). 

Barium gives a greenish yellow flame. 

With barium sulfatn tlif grfcn flamf i.s rithf-r indistinrt or not trisible. 
In order to detect l.arium, licat a small |V.rtion of the substance m the 
upper reducinK flame, cool, moisten with hydrochloric acid (odor of 
hydrogen sulfide) and again heat, when the barium flame can be easily 


seen. 
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Thallium gives an emerald-green flame. 

If a green flame is obtained, test another portion of the substance 
for boric acid, by treating with concentrated sulfuric acid and brin^g 
near the flame. A green color indicates the presence of boric acid, 
but if copper is present this test is not reliable. 

By heating the solid substance with potassium ethyl sulfate in a test tube, boric 
acid is converted into B(OCiHs)i, which is volatile and bums with a green flame. 
Copper chloride does not interfere with this test. 

Lead, Arsenic, Antimony color the flame a faint blue, and copper 
compounds color the flame either green or blue. 

Preliminary Examination for the Acidic Constituents 

(Anions) 

1. Dilute Sulfuric Acid (2-normaI). — Treat about a gram of the 
substance in a small test tube with dilute sulfuric acid, and note whether 
a reaction takes place in the cold (evolution of a gas). 

The following gases can be recognized: 

HCN from cyanides (odor). 

Mercuric cyanide does not liberate HCN in this test. 

H 2 S from soluble sulfides (odor, and blackening of lead acetate paper). 

N0> from nitrites (brown fumes). 

SO 2 without separation of sulfur from sulfites (odor of burning sulfur). 

SOn accompanied by separation of sulfur from thiosulfates; the de- 
posited sulfur is yellow, particularly after warming. 

CO 2 from carbonates or cyanates (barium hydroxide solution is ren- 
dered turbid). 

By boiling with dilute sulfuric acid, soluble ferro- and ferricyanides 
arc decomposed and evolve hydrocyanic acid; acetates set free acetic 
acid; hypochlorites evolve chlorine (which also takes place in the cold); 
while the peroxides of the alkalies and alkaline earths are decomposed 
with evolution of oxwgen. 

Alkali peroxides also evolve oxj-gen when treated with water. Cf. page 286. 

2. Concentrated Sulfuric Acid. — If the substance does not react 
with dilute sulfuric acid, add 3 or 4 ml of concentrated sulfuric acid 
and heat. If the substance reacted with dilute sulfuric acid, it will 
react violently witli concentrated sulfuric acid and the gas will come 
off so quickly that it will carrj' small particles of the sulfuric acid with 
it, which makes tlio gas appear to have a penetrating odor and mav 
lead to a mistaken conclusion, especially since it will also cause barium 
hydro.xide solution to become turbid. 
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In such a case, add dUute sulfuric acid drop by drop to a new por- 
tion of the substance until no further action takes place, then add 5 ml 
of concentrated sulfuric acid and heat the mixture. 

Gases and vapors may be evolved, which are 

(a) Colorless 

HCl from chlorides, fuming in the air, with penetrating odor. The 
fumes do not cause a turbidity with water. 

AgCl and llgCU evolve IICl very slowly; the same is true of ng^Cb. and in this 
case SO 2 is also set free. Cf. page 302. 

SiF, from fluorides, fumir,,! it, the air, uith a penetrating odor, and causing a 

turbidity on coming in contact With wuter. > 1 ^. t,. r^l<,u 

.SiF, is formed on account of the experiinent being performed in glass. In plati- 
num and in the absence of silica, II|F, would be evolved, which does not render 

water turbid. 

so,, without separation of .ulfur. If tl.ore wa.s no evolution of .sulfur 
dioxide on treatment of the substance with dilute .sulfuiic acid, the 
sulfur dioxide wliicli now escapes mu-st come from tlie .sulfuiic acid 
itself; .a metal, sulfur, a sulfide, earhon, or non-volatile organic matter, 

such as tartaric acid, citric acid, sugar, starch, etc 

If non-volatile organic matter is present, carhomzation will take plait 

so, with separation of «r!/i-r indicates the presence of a sulfoej anate, 

if there was no action witli dilute sulfuric acid. 

CO from oxalates and other organic sulislauccs, and c.ianatcs. It 
is an odorle.ss gas, whicli does not fume m tlio an and Iniriis witli a 

blue flame. 

{h) Colored 

Cl„ a yellow gas with a suffocating odor, turns iod<>slarol, paper 
blue, and indicates the pres, .nee of both a chloride and an oxiiliziiig 

^''cfOra yellow ga«, which is very .similar to clilorinc but which ex- 
plodes violently on being heated, indicates a elilorate. If the suhstaiuc 
deflagrates on being heated on charcoal, only a small poilioii iif tl 
substance sliould lie il.sed for tlie test with conceiitiali-tl alllfuiic and, 
hut if no explosion takes place on wanning, more of the .sulisl.iii<c 

should be addvcl. , . . , • 

II Br from bromides has a penetrating odor, fimuj^s iii the an, ami i.s 

alwayn eolorod yellowish l^rown In' the piesc‘ru< o muu ainuuii s 

bromine. Tlie siilf.irie in-id is at first colored brown m tlie case of a 

colorle.ss ijromide, but becomes colorless on being boiled. 
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CrOiCh, brown (similar to bromine), results from the presence of a 
chloride and chromic acid. 

li, violet. In the case of a colorless iodide, the sulfuric acid is at 
first colored brown by small amounts of iodide, and gray solid iodine is 
deposited if considerable iodide is present, which volatilizes on warm- 
ing, forming violet vapors. If considerable iodide is used for this test, 
the sulfuric acid is reduced to SO 2 , or even HjS (cf. p. 315). 

MnaO?, violet, is formed from permanganic acid, and is decomposed 
with scuitillation, often exploding, on being warmed. 

NO>, bro\\Ti, with a penetrating odor, comes from nitrates. 

After the preceding tests have been made, the next step is 

Dissolving the Substance 

As solvents the following are used: 

1. Water. 

2. Hydrochloric acid. 

3. Nitric acid. 

4. Aqua regia. 

In most cases the first three solvents suffice, aq\ia regia being seldom 
necessary, as will be seen from the table on pages 4G2-463: 

Qualitative analy.sis is based largely upou the different solubilities of typical 
salts. The measurement of the solubility, or quantity dissolved by a given volume 
of solvent, Inis occupied the attention of a great many chemists, and books have 
been written on this subject alone. All such data, however, when brought together 
and compared show that numerical values for the weight of solid dissolved by 100 g 
of water are hard to determine accurately for those very substances with which the 
analytical chemist is concerned, namely, the less .soluble ones. 

Tliero are several ways of detennining the solubility of a substance. One method 
is to shake an excess of the solid at a constant temperature until no more of the 
substance dis.solves. Another method is to obtain a supersaturated solution of 
the substance and allow it to stand until no more of the salt deposits. A third 
method consists in forming the substance by metathesis and finding how much of 
the constituents must be prc.sent in order to obtain precipitation. 

Unfortunately, ever>' method of measurement involves some unavoidable error 
and with very insoluide substances this error is sometimes even larger than the actual 
quantity of substance dissolved. For example, if one were to detennine the solubility 
of silver cyanide by taking a weighed quantity and finding how much was left after 
shaking with water, or by finding how much salt was left after evaporating the w’ater 
to dr>'ness, the analytical error involved could amount easily to 0.0010 g and only 
about 0.0002 g of the salt leally dissolves. ''iMien we remember that some of the 
solubility measurements were made many years ago, it is not strange that there should 
be disagreements of this nature. 

The difficulties involved in the measurement of the solubilities of crystalline sub- 
stances are bad enough but those for amorphous or gelatinous substances are much 



DISSOLVING THE SUBSTANCE 


461 


worse. When shaken with water for some lime, any finely divided substance fends 
to form a suspension which will pass through ordinary filter paper and gelatinous 
substances form colloidal solutions. It is almost impossible to draw the line closely 
between true solutions, colloidal solutions, and supcn-sions. Errors in determining 
the solubility due to the formation of colloidal solutions and suspensions may be 
enormous. 

Other difficulties are involved. In actual analytical work, the chemist rarely 
has time to wait for perfect equilibrium to take place. In dissolving a .substance, 
he usually gets an undersaturated solution, and in making precipitations he usually 
gets a supersaturated solution. iMoreovcr, many sub.'<t:inces like nickel sulfide, 
aluminum hydroxide, and silicic acid appear t«» be imieli more insoluble after they 
have stood in the air a short time than when freshly j)rccii)itutcd and although nickel 
sulfide is har<Ier to precipitate than zinc sulfide, the latter dLssolves more readily in 
cold, dilute acid. 

Tlie Solubility Table on pages 402-41'.:} will give an approximate idea of the solu- 
bility of common salts. The numerical vuluc.s show tlio weight in gram.s that will dis- 
solve in 100 ml of water. Wlien two values are given, tlie upper value refers to eold 
water and the lower to hot water. Blanks in the tal.le inoaneitlier that tlie salt lui.snot 
been studied or that it cannot be formed. For furtlier information concerning diffi- 
cultly soluble salts, consult the Table of Solubility Products on pages 21-2.'}. The 
table inserted here is intended to give the stmlent .some idea of relative solul.ilitic-s, 
to guide him in the laboratory work, but for accurate information be slioulil consult 
authoritie-s such as the ! utcnintioniil Criliral Tahlcs. In some c.i.'es, salts are marked 
“ i ” (insolul)lo) while others are m;iik<-d " a ” (sohil)le in acid) witboiif any gon<l rea- 
son for making the di.stiiicti<.n. \'alues for the solubilities of difiieultly .'oliiblo salts 
arc also given fur .some .suits, wlicre tlie data weie available, while other .salts are marked 
“ a ” or " i ” when they are uefuully more soliil.le. No altcsition has been paid to 
double salts, and when .salts crystallize with dilTeront quantities of water, the attempt 
has been made to refer to the most common suit, but there arc some ineoiisisteneics. 


.S’lib.s/dnrcs Sttiuhh- in U 

Of Acid Group I (p. 297) (lio following niv soluMo: 

1. Chlorides. — All oxcept AgCl, Cu.Cl.., Hg-Cl.., PtCln, AuCI, BiOCl, 
SbOCl, Mg,OCl,. PbClj and TlCl an- dilTicultly .soluble. 

2. Bromides. — 'I'ln* sain<* tis the eliloridi-s. 

3. Iodides. — All except Agl, Hg-I-, Hgl-j, Cu-I;, Pdlj, Til; Pbl^ 
is very difficultly .soluble. 

4. Cyanides. — Only the eyanides of tlie alkalies, alkaline earllis, 
and mercury. 

5. Ferrocyanides. — Only those of the alkalies ami alkaline earths. 

6. Ferricyanides. — Same as the ferrocyanidi-s. 

7. Cobalticyanides. — Only those of the alkalie.s, alkaline (‘urths, 
and the h^rrie, mereurie, and lead .salts. 

8. Thiocyanates. — Those of the alkalies, alkaline earllis, iron. 
<-uprie copp<*r, and meretirie mercury. 

9. H 5 T)ochlorites. — All. 
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SOLUBILITY TABLE 
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• Clironnum t:dU of Urn vxist in two one is much more soluHe tb^n Ihe other 
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SOLUBILITY TABLE 
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Of Group II (p. 297) the following are soluble: 

10. Nitrites. — All. Silver nitrite is difficultly soluble. 

11. Acetates. — Silver and mercurous acetates and certain basic 
acetates are difficultly soluble. 

12. Cyanates. — Those of the alkalies, alkaline earths, and most of 
the remaining ones. Silver and lead cj’anates are insoluble. 

13. Sulfides. — Only those of the alkalies and alkaline earths. CaS 
is difficultlj’ soluble. 

14. Hypophosphites. — All. 

Of Group III (p, 297) the following are soluble: 

15. Sulfites. — Those of the alkalies, and the bisulfites of the alka- 
line cartlis. 

IG. Carbonates. — Those of the alkalies; the bicarbonates of Ca, 
Sr, Ba, Mg, Mn are fairlj- soluble in cold water. 

17. Oxalates. — Those of the alkalies; the remainder are difficultly 
soluble or iasoluble. Most oxalates, however, with the exception of 
Ba, Ca, and Sr oxalates, form soluble complex salts with alkali oxalates. 

18. lodates. — Only those of the alkalies. 

19. Borates. — Those of the alkalies. The remaining borates are 
all difficultly soluble in water, but soluble in ammonium chloride as a 
rule. 

20. Molybdates. — Only those of the alkalies. 

21. Selenites. — Those of the alkalies are readily soluble; the re- 
maining ones arc difficultly soluble. 

22. Selenates. — All except the barium and lead salts. 

23. Tellurites. — Only tho.se of the alkalie.s. 

24. Tellurates. — Only tho.se of the alkalies. 

25. Tartrates. — The normal tartrates of the alkalies, and lithium 
and sodium bitartrates. The remaining tartrates are insoluble in 
water, but arc u.sually soluble in an excess of alkali tartrate solution, 
forming complex salts. 

2G. Citrates. — Only those of the alkalies are readily soluble in 
water. The insoluble citrates usually dissolve in an excess of alkali 
citrate .solution. 

27. Pyrophosphates. ~ Only those of the alkalies. 

28. Metaphosphates. — Only those of the alkalies. 

Of Group IV (p. 297) the following are soluble: 

29. Phosphates. — Only those of the alkalies. 

30. Arsenites. — Only those of the alkalies. 

31. Arsenates. — Only those of the alkalies. 
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32. Thiosulfates. — Almost all are soluble, though the silver and 
barium salts are difficultly soluble. 

33. Chromates. — Those of the alkalies, Ca, Sr, Mg, Zn, Mn, Fe, 
and Cu are soluble, the others are difficultly soluble or insoluble. 

34. Vanadates. — The orthovanadates are unstable; the pyro-, 
meta-, and polyvanadates arc soluble in water, as a nile. The lead and 
mercurous salts are insoluble, also the vanadates of the iron group. 

35. Periodates. — All more or less soluble in water, except silver 

periodate, which is insoluble. 

Of Group V (p. 298), the following are .'^oiuble: 

36. Nitrates. — All except a few basic salts. 

37. Chlorates. — All. 

38. Perchlorates. — All. 

39. Manganates and Permanganates. — All. 

Of Group VI (p. 298), the following are soluble: 

40. Sulfates. — All except the (’a, Ba, Sr, and Pb salts, and a few 
basic sulfates. 

41. Fluorides. — Those of the alkalie.s, .rilver, and mercury; the 
remaining fluorides arc flifficultly soluble or insohible iii water. 

Of Group Vn (p. 298), the following are soluble: 

42. Silicates. — Only those of the alkalies. 

43. Tungstates. — Only tho.se of the alkalies. 


Of the sails insoluhh in unter, all dissolve in acid (In/drnrhloric or nitrir) 
except AgC'l, AgBr, Agl, AgC!N, AuCl, PtfU-, BaS() 4 , SrS 04 , PbSOi, 
HgS, Prassian blue, CaF„ SnS, (mo.^aie gold), SiOo, many silicates, 
fused PbCrOi, and the strongly ignited oxides: Al.-Oj, C’r,0.i, TiOa, 
SnOi,, SbjOi.* TiOs, SnOi-, and SboO^ can be dissolved by long-con- 
tinued boiling with concentrated hyflrochloric acid. 

Of the sails insoluble in acids, the/olloiring dissolve in ar/ua reoin: PtCI-j, 
AuCl, HgS, Sb204, SnS,. and Prus.sian blue (after long treatment). 

The following subsUincAis are not dissolvetl by aqua regia: AgCl, AgBi, 
Agl, AgCN, BaSO^, SrS 04 . PbSO^, CaFj.t fused PbCrO^, Al-,03, Cr-.0,i, 
native TiOs (rutile, anatase, brookitc), native Sn02 (cassiterito, tin- 
stone), SiOa, Si, many silicates, C, carborundum, and strongly ignited 
iridium (Rh, Ru, Os, Ta, Th, and some special steel alloys). 

In order to bring such substances in solution it is neoo.ssary to sulv 
ject them to a special treatment. The proce.'ss to be chosen depends 
largely upon the nature of the insoluble substance, so fh.at a few gener.al 


• The oxides of antimony are changed to SbjO, after long ignition in the air. 
t Calcium duoride will be diasolved by the long-continued action of aqua regia. 
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tests are necessary before going farther. Very often the preliminary 
examination will have been sufficient, but it is always well to perform 
the followng simple experiments: 

1. Heat a small portion of the residue insoluble in acids on the char- 
coal stick to see whether a metallic button can be produced. 

(а) No metallic button is produced. The absence of silver, lead, 
and tin is thereby assured. 

(б) A metallic button is formed. The button is flattened in an 
agate mortar, and its solubility in acids is tested. 

(a) The metal dissolves in nitric acid forming a clear solution, show- 
ing the absence of tin. Add a little hydrochloric acid to the nitric acid 
solution; a curdy precipitate is formed if the metal is silver, consisting 
of silver chloride, insoluble in water, but soluble in ammonia. 

If the nitric acid solution becomes turbid on the addition of sulfuric 
acid, lead is present. 

(0) The metal does not dissolve in nitric acid forming a clear solu- 
tion, but leaves a white, insoluble powder: metastannic acid. Treat 
a new button with concentrated hydrochloric acid, when it will dis- 
solve completely if silver is absent. Mercuric chloride produces a 
white precipitate of mercurous chloride in the hydrochloric acid solu- 
tion: tin is present. 

2. Heat a second portion of the insoluble residue in a small test tube 
with concentrated sulfuric acid and test to see whether the escaping 
gas renders a drop of water turbid. 

A turbidity shows the presence of an insoluble fluoride (CaFj). 

3. Heat another portion of the residue (with the help of a platinum 
wire) in the upper reducing flame of the gas burner, allow to cool in 
the inner mantle, moisten with dilute hydrochloric acid, and notice 
whether the odor of hydrogen sulfide can be detected. Then test to see 
whether it will now impart a characteristic coloration to the flame. 
The presence of a sulfate is betrayed by the odor of hydrogen sulfide, 
and the flame test shows whether barium alone or a mixture of barium, 
calcium, and strontium is present. 

4. Test another portion of the residue in the salt of phosphorus bead; 
silicic acid or a silicate usually gives a skeleton bead (cf. p. 449). 

Since the skeleton bead is not alwa 5 's obtained when silica is present, 
a further test for silicic acid is often necessarj' (cf. p. 447). 

5. Now heat the salt of phosphorus bead in the reducing flame to 
tost for the presence of titanium, which causes the bead to become violet. 
The violet color appears more quickly on the addition of a little piece 
of tinfoil. If iron is present at the same time, as is always true in the 
case of rutile, the bead is colored brownish red in the reducing flame. 
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6. The presence of chromium is often detected by the green color 
of the residue. In the case of chromite (gray or black residue) fuse 
some of the substance with sodium carbonate and potassium nitrate in 
the loop of a platinum wire (cf. p. 205) ; a yellow melt is obtained if 
chromium is present. Dissolve the melt in water, make acid with 
acetic acid and add silver nitrate; a reddish browm precipitate of silver 
chromate is obtained if chromium is present. 

7. If the residue is gray or black, it may also consist of carbon. 
Heat a small portiofi upon a piece of platinum foil; if carbon is present, 
the mass will glow, and, if it does not burn completely, a lighter-colored 
ash will be obtained. In doubtful cases melt a little potassium chlo- 
rate in a test tube, and add a little of tlie in.soluble residue; a distinct 
glowing or a little explosion will take place if carbon is present. It i.s 
necessary to avoid the addition of shreds of filter pa]jer in this test. 

8. Silicon and Silicides (carborundum, etc.) are seldom encountered. 
They show the greatest stability toward the above-mentioned reagents. 
By fusing with caustic alkali in a silver crucible, however, they are 
readily decomposed with evolution of liydrogen (cf. p. 451). 

After dis.solving tlie m(‘lt in wat(‘r and acidifying, gelatinous silicic 
acid separates out, particularly after evaporation. 

METHODS FOR ATT.iCKING SUBSTANCES WHICH ARE INSOl.Ultl.E 

IN ALL ACIDS 

1. Insoluble Halogen Compounds (the silver eompounds alone 
come into consideration) can be l)nHiglit itjto solution by melting tlie 
ma&s, cooling, and adding a little dilute sulfurie acid ami a piece of zinc 
so that it comes in contact with both the acid and the Insoluble .sul>- 
stance. After a while pour off the aei.l; it contains the halogen acid in 
the presence of zinc sulfate, and should be kept for the .^ul)se(|uent to.sts 
for ueid.s, cf. page 320. Tlie residing consists of midallie .silver. Wn.'^b 
it witli water, di.ssolve in diluh^ nitric acid, filter, and le.st the solution 
for silver with hydrochloric acid. 

2. Insoluble Sulfates of the Alkaline Earths arc brought into solu- 
tion by fu.sing in a platinum crucible with four to fivi* limes as much 
calcined sodium carbonate, or with a mixtuie of cf|nal parts of sodium 
and pota.ssium carbonates. Mix tlie fimdy powdered sulistance in the 
crucible with the sodium carbonate, cover the mixture witli a thin layer 
of more carbonate, place the lid on tlie crucible, and heat at first gently 
over a small flame in order to drive off the moisture whii-h the carbonate 
always contains, and then rai.so tlie temperature until the mass fuses 
to a thin liquid; maintain tliis temfierature for about fifteen minutes. 
Remove the fu.sed mass from tlie crucible as directed on pag<‘ 118. Ili'at 



468 


SYSTEMATIC ANALYSIS 


wth a little water on the water-bath until the fused mass disintegrates, 
and no more hard lumps can be felt with a glass rod, then filter. The 
filtrate will contain the sulfate as sodium sulfate, and the residue will 
consist of carbonates of the alkaline earths. Wash it with a 5 per cent 
sodium carbonate solution until no more sulfuric acid can be detected 
in the washings, and then wash with hot water until the wash-water no 
longer reacts alkaline (cf. p. 268). Dissolve the residue in acid, and ana- 
lyze as described on page 275. 

Although it would take repeated treatments to effect the complete decomposition 
of even a relatively small quantity of barium sulfate, any sulfate can be decomposed 
sufficiently to obtain qualitative tests for cation and anion by merely boiling the finely 
powdered substance with 3-normaI sodium carbonate solution. Thus boiling 1 g 
of powdered barium sulfate with 2o oal of 3-oormal sodium carbonate serves to convert 
about SO per cent of the insoluble sulfate into insoluble carbonate and water-soluble 
sulfate: 

BaSOf "1* Na^COj — > BaCOt NaiSO* 

After washing thoroughly to remove the sulfate, most of the residue will dissolve 
in dilute acid. The decomposition of the sulfates of lead, calcium, and strontium 
(also bismuth) is practically complete by this treatment. 

3. Lead Sulfate may be boiled with a concentrated sodium car- 
bonate solution, wliiclt forms insoluble basic lead carbonate and soluble 
sodium sulfate; with caustic soda, which forms soluble lead plumbite and 
sodium sulfate; or with ammonium acetate (cf. p. 115). 

4. Silicic Acid and Silicates should be fused witli sodium carbonate, 
or treated with sulfuric and hydrofluoric acids exactlj' as described on 
page 448. 

5. Metastannic Acid, as obtained by the oxidation of tin with nitric 
acid, is readily dissolved by boiling with a little concentrated hj'drocbloric 
acid, and then treating witli considerable cold water (cf. p. 175). 

Tin dioxide, as it oceui-s in nature (tinstone), as well as the strongly 
ignited metastannic acid, cannot be brought into solution in this way. 
One of the methods mentioned on page 172 (usually the sodium carbo- 
nate and sulfur metliod) must be used. 

C. Insoluble Fluorides arc first heated with concentrated sulfuric 
acid in platinum, and any alkaline earth sulfate formed is brought into 
solution by the method dcscrilx*d under 2. 

7. Titanium Dioxide is fused with potassium pyrosulfate in a plat- 
inum or silica crucible (cf. pp. 193 and 547) ; or it is fused with sodium 
carbonate, the melt treated with cold water, and the residue dissolved 
in hydrochloric acid (cf. p. 547). Heating for some time mtb con- 
centrated sulfuric acid will dissolve pure titanium dioxide. When 
cold the solution may be diluted. 
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Fusion with potassium pyrosulfate is also suitable for decomposing 
native aluminum oxide (corundum). 

8. Chromium Sesquioxide and Chromite are fuserl witli sodium car- 
bonate and a little potassium nitrate in a platinum cnici])lo or with 
sodium peroxide in a nickel or iron cmcible (ef. p. 197). 

9. The Insoluble Complex Cyanides are completely decomposed 
by boiling with caustic soda in a porcelain dish. 


After boiling with the alkali, dilute v.’ith water and filter. The filtrate will contain 
the acid in the form of its sodium salt ; and. in .some oase.«;. may also contain aluminum 
and zinc. Saturate the filtrate with carlnm dioxide, boil, and filter off any precipitate 


(AI(OH), or ZnCGs): diss<.lvc this precipitate in hydr«»chIoiic acid, and for zinc 
and aluminum. Acidify tlic alkaline filtrate obtained above with hydrochloric acid, 
and test for ferrocyanic and ferricyanic acids acc-or<ling to pages .1.33 and 33G. 

The soluble complex cyanides are decomposed before the analysis by heating them 
with concentrated .sulfuric acid (cf. p. 217). 


RcactUitis that Accompany the Dis’.olvinf! Process 

WTien a .sub.stanco is dissolved, wliotlicr in water or in acid.s, phe- 
nomena are often observed whicli may be of great importance as con- 
eern.s the .snbsi'quent analysis. .Moreover, the color, reaction of tlio 
solution toward indicators, or the evolution of gases will lead to im- 
portant conclusions. First, te.st tlie .substance with regard to it> solu- 
bility in water, by taking about 0.5 g of the fine powder, ad<ling a little 
cold water, and noting whetlier any bubldes of ga-^ are gi\en olT. 

A gas is evolved wlien tlier(^ an* present : 

(a) Peroxides of the Alkalies or Alkaline Earths, which are partly 
deeompo.sed into hydroxide and oxygen : 

2 'Na.nOi + 2 II -O — > 4 NaOH + O-.* T 
2 BaOs + 2 H 2 O — > 2 Bafoll); + ()■: t 


Barium peroxide is decomposed in this way only by Iteating the water. 

Test tlie esca|)ing gas for oxygen by means of a glowing splinter. 

In the alkaline solution (red litmus is changed to blue) some mule- 
composed peroxide will still be found. 

Dilute the Bolution with cor.sidcnil.Ic water, cool, and carefully aculify with 
sulfuric acid, add a little ether and some pota.«siuin dichroinate solution, ami shake 
the mixture. If a peroxide is rucsc.it, the upper ether l;.>er will now ),e . olore.! blue. 
A better method for detecting the hydrogen pcroxiile. formed by the inUioii of the 
Hulfuric acid upon the peroxide, consists in adding a few <lroj).s of titanium Mdfiitc 
boluliori; u distinct yellow color will be noticed if only traces of hyilro^^en peroxitio 
arc presfiit (cf. pp. 280-288) • 


(6) Carbides of the Alkaline Earths (calcium carlildc). 

These arc decomposed into acetylene (which liu.s a peculiar odor 
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and burns with a luminous flame) and calcium hydroxide: 

CaCa + 2 HaO Ca(OH )2 + CaHa t 

(c) Nitrides of the Alkaline Earths (magnesium nitride). 

Magnesium nitride is decomposed by water into magnesium hydroxide 
and ammonia: 

Mg,,Na + 6 HOH -> 3 Mg(OH )2 + 2 NHa t 

If considerable water is added, there is no gas evolution, because the 
ammonia will be dissolved by the water; but on boiling the solution, 
ammonia will be given off, which can be readily recognized by its odor. 

(rf) Phosphides of the Alkalies and Alkaline Earths. — These are 
decomposed by water, setting free spontaneously combustible phosphine: 

2 CaP + 4 HsO ^ 2 Ca(OH )2 + P^Hi 
CaaPi + 6 H 2 O 3 Ca(OH )2 + 2 PH 3 T 

Very small quantities of the phosphide can be recognized by the 
cliaracteristic garlic-like odor. 

(e) Many Chlorides, Bromides, and Iodides of the Negative Ele- 
ments, e.g., PCI 3 , PCU, etc., arc decomposed into the halogen hydride 
and the oxygen acid of the negative element: 

PCU + 4 H 2 O ^ 5 HCl + H 3 PO 4 

(/) A Few Sulfides Which Are Seldom Encountered (MgS, AUSa, 
etc.). — These are decomposed by water with loss of liydrogen sulfide, 
whicli can bo detected by its odor, and by its blackening lead acetate 
paper: 

MgS + 2 H 2 O ^ Mg(OH)2 + IIS T 

After any reaction caused bj’ the first addition of water is over, add 
about 10 to 15 ml more, lieat the water to boiling, and then allow it to 
cool. 

If the substance dissolves completely, forming a clear solution, it is 
evident tliat it is unnccessarj’ to test for any insoluble substances in 
the subsequent analysis. 

If a residue remains, it is possilde that a part of the substance has 
dissolved in the water. To determine whether this is the case, decant 
tlic liquid through a filter and carefully evaporate a little of the filtrate to 
dryness on platinum foil (or a watch glass). If the foil is heated too 
hot, volatile compounds may escape unnoticed. If a residue remains 
after evaporation, it is evident that a part of the original substance is 
soluble in water. Then treat tlie original residue several times with 
small quantities of water, and analyze the aqueous extract thus obtained 
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by itself. Treat the part remaining undissolved with acid, using hydro- 
chloric acid unless the preliminary examination has shown the preseiuc 
of either lead or silver, when nitric acid should be used. 

Treat the residue with 0.5-1 ml of 12-normal acid (notice whether 
there is any evolution of a gas), heat gently, and then dilute with water, 
to dissolve any chlorides insoluble in hydrochloric acid. It must be 
remembered, how-ever, that bismuth and antimony salts form insoluble 
basic chlorides on dilution with water, .'^o that too much water should 
not be added. 

If a residue remains after treatment with acid, bring it into solution 
by one of the methods described on pages 407-408. 


II. EXAMINATION FOR THE METALS (CATIONS) 

TABLE Vlir. — GENERAL SCHEME FOR SEPARATING I HE .MEIAL^ 

INTO GROUPS 

Solution may contaio all tl.e co^no., ha-sir con.-^tituents. .U<1 IICI m .hghl 

^ fir 


Precipitate: 
Group I. 
Examine an out- 
lin&i in Table 

I, V. no. (2) 

Filtrate: Groups 11. HI. IV, and V. Saturate uHb US. Ci) 

Precipitate: 
Group 11. 
Examine n.t 
oullineri in 
Table II, 
p. 179. (4) 

Fillnite: Group.s 111.1^- •!!’■* /'C' 

phospiiorie uci»l. .Id-/ A//»f/// ««</ (.\Hi ;• 

(■*) 


Precipitate; 

(Iroup HP 
Examine as 
outlinal t" 

Filtrate- ('.roups I\’ and 
.Ud {.\lI,> J'(h. i“) 



Table V, !'■ 
2oE (0) 

IVecipit :ifo : 
(Iroup IV. 
f'/rnnitii' 

(Hiflntol ifi 

'/'ohi*' r/, p* 
27.-1. (8) 

I'iU nU*: 

( iWii\y V. 

Ufflffitfu es 

Titlfh V/l. 

II. i'.o 


IMUK’KDUHK 

1 . Add HCl as directed on pa.e 1 Id. If the on.und 
floluble in dilute HCl. it is evident that no silver or n.eirutous s d . ,, 

when lead is present, the solution is eteur while hot, mi * ' ' 

as the solution cnls. It i.s usually best to filter -IT .^ueh a P-' -i'' 

chani;ed to less soluble lead sulfide wlieii ILS 18 111(1. .duud " Pe* I 

group. If the original solution is alkaline to P'--''*'* -,‘,1 

cipitate may form when none of the metals of the ^ „ 

a solution of sodium silicate ^ives a wlute, Hatmoos ^ u 

Bolution of an alkali tnn...ato .ivea a ,.rcoi„i,a,.. “H'u.LI.- 

thlo-salt of arsenic, antimony, or tin gives a eolorid I 'Plicae pre- 

tion of a complex cyaniile may form a preei.-iUde 

clpiUtes. however, are not likely t« be mbtaken for a eld.-nd- of ..Utr, 
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mercury. If a silicate is present, it is absolutely necessary to remove the silicic acid 
at the start by the method given on page 446 and tungstic acid may be removed in 
e.xactly the same way. If a thio-salt is present, examine the precipitate according to 
Table IV, page 183, and test for alkaline earths and alkalies according to Table VI, 
page 275, and Table VII, page 295. If the original solution is alkaline, it is necessary 
to test for iron and aluminum only when the solution contains non-volatile organic 
matter which prevents the precipitation of these elements by hydroxide ions. The 
addition of HCl may cause the precipitation of BiOCl, and dilution may cause the 
precipitation of BiOCl, SbOCl, or a basic salt of some other metal, especially titanium 
and tin. With the exception of the titanium precipitate, such basic salts are easily 
dissolved by filtering and treating with 6-normal HCl, or the basic salts of anti- 
mony, bismuth, and tin may be changed into less soluble sulfides by introducing 
HjS without filtering. 

2. Examine the precipitate of HgjClj, PbCl;, and AgCl exactly as described on 
page 115. For the detection of thallium, which is sometimes precipitated with this 
group, consult Part V. 

3. Transfer the filtrate from (1) to a 300-ml Erlenmeyer flask, fit the flask with 
a two-holed rubber stopper, and insert through one hole a right-angled glass tube 
which reaches nearly to the bottom of the flask and through the other hole a shorter 
tulie, similarly bent, which reaches only to the bottom of the rubber stopper. Raise 
the longer tube till it is just above the surface of the solution, heat the solution to 
boiling and begin passing a steady stream of HjS through the longer tube. Remove 
the flume from beneath the flask, close the shorter tube wth a piece of rubber tubing 
which has one end stopped up with a short piece of stirring rod, and lower the longer 
tube so that it dips well below the surface of the solution. Shake well and continue 
keeping up the pressure of the H 2 S; in this way the gas is absorbed as fast as the 
sulfide precipitates and the sohttion is kept saturated with the gas without wasting 
a great deal of it. When the precipitation appears to be complete, shut off the H-S, 
open the fliisk, add an equal volume of cold water, and again saturate with HjS. 
Close the short tube and sluikc the flask well for two or three minutes while keeping 
up the HjS pressure. Finally filter off the precipitate and wash it promptly with H-S 
water. If an oxidizing agent is present,* considerable free svilfur will be deposited, 
and this will greatly delay the precipitation of the sulfides. If it is desired to know 
whether a precipitate contains nothing but sulfur, wjush it several times with alcohol, 
then with carbon disulfide (away from any free flame), and then with alcohol again; 
this treatment will serve to remove the sulfur. It is important to adjust the con- 
centration of the acid properly before introducing H-S by measuring the quantity 
added in getting the substance into solution and in precipitating the first group. 
After diluting with water, as above directed, the solution should be about 0.3-normal 
in acid; if more acid is present cadmium and lead sulfides will not precipitate, and 
if less acid is present sulfides of zinc, nickel, and cobalt may precipitate. On the 
whole, it is better to err with too little acid than with too much, for enough zinc, 
nickel, and cobalt will always remain in the filtrate to give a test in the next group 
and the presence of these clcment.s does not seriously interfere with the analysis of 
the second group. Like cadmium, zinc gives a white ferrocyanide in the confinn- 


* If much oxidizing agent or considerable arsenic acid is present, it is best to 
pass SO, into the hot solution until a complete reduction is accomplished and then 
remove the ex<-css of SO- by a stream of COj. If the e.xcess of SOs is not removed it 
reacts with II-S chiefly as follows: 2 H:S + SO- -* 2 HjO -j- 3 S. 
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^itory test for copper, and mckel gives a faint blue wjth amn^onia; e.ther nicke o 
cobdt wiU interfere ^vith the final test for cadmium, but the 

page 182 wiU overcome this difficulty. If after precipitating with hydrogen sulfide a 
turbid filtrate is obtained, due to free sulfur, prepare some filter-paper pulp by shak- 
ing pieces of filter paper in a bottle with hot water, add some of the pulp to the filtrat^ 
and filter through a fresh filter. The hydrogen .sulfide precipitate oxidues .oin^ 
what on being exposed to the air. and a little soluble sulfate is to form ^h ch 

precipitates on coming in contact with lUS in the filtrate. -or s re^ou i 
precipitate should be washed promptly with acidulated 

Without letting the filter drain completely until the washing is If the filte 

clogs, place the filter and precipitate in a beaker, shake it up with 

water, and filter through a fresh filter. In qualitative analysis, all but the fii^t 

ings of a precipitate should be discarded, as a rule. 

4. Examine the hydrogen sulfide precipitate as directed on ^ ^ f ‘; 

platinum, or considerable tin is present, these elements are uften found in the residue 
of mercuric sulfide obtained after treatment with nitric acid. U hen the 
of these elornenU is suspected, take u little of the residue for the nicrcur> test and 
fuse the rLn-under in a porcelain crucible with a mixture of equal parts of p(>t:i.ssmm 
cyanide and sodium carlionatc. Coni, wa.sh out all the solul.lc alkali 
and discard this solution. Cold, platinum, tin. and lead will l>e left >el.md u c 
metallic condition. Treat the metallic re-sidue with d.lu e " 

solution for lead in the regular way with sulfuric acid i O, i./ 

gold, platinum, and mctastannic acid with concentrate.! hydro.- .lor.o acid. D lute 

filter, mid test for tin with llgCL in the usual way <p. Pinm-Kc =‘>0 J 

platinum in aqua regia, add ammoniun, chloride evaporate to ‘*7,'''^;:^;;;" 
bath, and treat the residue with a very little water; u 

(NHOdPtCId shows the procnee of platinum. Filter. U-st with 1-e.sO. for gold. 

and confirm by the charcoal stick reaetii.il (p. WO). Hnlittl.. 

r,. Tak.. a Utile of the filtrate frem (U), l.t.il efi the ty.lrosen sulfid. , ati.l a 1 • le 
bromine water to oxitlue any tron anti the la>.t trare-tof l.yUtoaen snllak » ' " 
alkaline with ammonia. It a precipitate fi.rnrs tt may con,.,. “ ' 

barinm, ,„ro„tium, calcinm, or maKncrint.., or an a kalmc earth lit ..rule .. e. ^ 
aa well an l.-e(011)o AKWI)., et,-. l>l,...pl...ri<- a.-ul very ..ftea m . . a. ■ • . 

nntl for thia rca.son a .|Kcial procetlure i,. ..ften r,-t| 0 ,re.l f..r tl.e at.aly.l. “ ' ‘ ' 

111 and IV, \Vitl.ont st.,ppinK to filter t.ft tl.e pr.-c.p.tate '’"’''''‘"V' ' c v to 

daesolve it Ity tl.e carcfnl additi.,,, of a little nitric act.l, lica, tl.c 

lu.ilii.K, und add an equal volume of iimiii..ninin nio yl.ila c rc.iK, at. . 

eipilam, wl.ieh may «l.rw in forn.tak, ..h..wa tl.at pl,osph.,„e aci. - I ;< t , 

Amt-nie aeid give, a ai.nilar preeipitale Ip. Mill, hut a^etne 

at tl.i» Htage in the analyai.,. If phospl...rie aci.l es fontul p.e.cn, es a , , ,e 

precipitate a-s outlined on page 2.W. If an ..xalale or finorule ... uuh. , d > tl , 

preliminary examination, cs,K-ci,dly hy the te..l 

L treat to remove tl.esc acids hy he, ding the ongl.ial .uh..lanee wUl, e,.„ tt t aUd 
eulfuric acid, cf. page 1C8. It the hel.avior of the original sul.sla.i.-e ... tl.i.td- 
tulxi lest indicates 11, e |)re,sen.-e of non-volatile orgiu.ie ,t is neee.,.n,j U 

retnove it before pro,.ee,li.,g witl, the analysis of tUo.ip HI, heeause la, a te an, 

citric ,u..i,l«, sugars, starches, and similar suhstauccs prevent I he prcupitata, , „ 

iron, alutnmunn and with um.n„nia. Such organ,.. snhs,a,„-e,,..m, ,. 

removed hy repented Irenl with eoneentrnled sulfur,,- nn.l n.lr.e nenis add 

about 5 ml of sulfuric acid and an equal ,•..ll,•,■nt,al,■.l mine aenl, and 
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evaporate till strong fumes of sulfuric acid are evolved, cool, and repeat the treat- 
ment with nitric acid as much as necessary. The ignition treatment often makes 
AlaOj, CrjOa, FejOa, and Si02 insoluble. Fuse such a residue with KHSO4 and 
examine it by itself. The treatment with sulfuric and nitric acid is likely to leave 
an insoluble sulfate behind; fuse it with sodium carbonate (p. 268). 

6. Analyze Group III by the method on page 252. Many of the elements in 
this group commonly occur in different states of oxidation. In reporting the final 
results of the analysis it is not sufficient to state that iron, chromium, or manganese 
is present, but it should be stated in what condition such an element is present in the 
sample as received. It is necessary to determine this by special tests, using the 
characteristic reactions described in Part II under the element in question. 

7. Treat the filtrate from (6) with (NH<)jCOj according to page 275. 

8. Examine the (NH«)iCO» precipitate as directed on page 275. 

9. Examine the alkali group according to the directions on page 295 for the 
analysis of Group V. Test a portion of the original substance for ammonium. 

in. EXAMINATION FOR THE ACID CONSTITUENTS (ANIONS) 

(A) Method of F. P. Treadwell* 

The tests for the acid constituents (anions) are usually made after the 
analysis for the basic constituents (cations); the preliminary examina- 
tion (heating in the closed tube and with dilute and concentrated sul- 
furic acid) and tlie solubility, combined with the knowledge of the metals 
that are present, indicate what acids may and what acids may not be 
present. 

In order to avoid side reactions, the acids are usually obtained in 
the form of the neutral alkali salts before proceeding to test for them, 

PHEPARATION OF THE SOLUTION FOR THE ANALYSIS FOR ACIDS 

Two cases maj'’ be distinguished: 

A. The original substance contains no heaty metal (i.c., only alkalies or 
alkaline earths arc present), 

(a) The Substance is Soluble in Water. 

Test the solution with litmus paper to see w’hcther it is acid, alkaline, or neutral. 

An Alkaline Reaction shows the possible presence of alkali cyanides, nitrites,! 
borates, tertiary phosphates, sulfides, thio-solts, silicates, etc. 

An Acid Reaction is shown by many acid salts (cf. p. 54)* 

Di\ide the solution into two parts. If it is neutral, analyze it directly for the 
acids; if it is alkaline, ucutralizef half of it with acetic acid and the other half 
with nitric acid; if it is acid, neutralize with sodium carbonate solution. 

* Based on Bunsen’s classification of the acids (cf. p. 297). 

t Perfectly pure alkali nitrites are neutral. The alkaline reaction of the com- 
mercial salts is due to the presence of alkali oxide or silicate. 

X Thio-salts, silicates, stannites, stannates, aluminates, molybdates, tungstates, 
etc., may yield precipitates at this point which should be examined as described 
on page 472. 
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«,) The Substance is Insoluble or very difficultly Soluble in 
Soluble in DUute Acids. In this case o.Uy the acids of Groups 111 and 

substance with a little concentrated sodium carbonate solution and 
filter. The filtrate contains the acids in the form of their sodium salts. 

Neutralize the solution with dilute nitric acid. 

(c) The Substance is Insoluble in Water and inDilute Acids. 

euir HB^; f t^mc: wi.h 

wr ..er 

“fS^^tauce ia partly soluble in water and it. acid^ 

then with sodium carbonate solution and fuse he residue vMth sohd 

bonate. Analyze separately the three solutions thu-s obtained. 

B. The substance contains heavy metals. 

(a) It is Soluble in Water or in dilute acids, and contains no non-volatile organic 

prZt ftt'b';:: .ho vapo. rro... .„e 

solution DO longer smell of ammonia, and then i ter. acetic 

Divide the resulting solution into two parts, making one part ..cid v.th 

acid, and the other with nitric Contains Non-volatile 

Orgi?Ma“?r ‘the mLL of both 

f::n.".-add a,nu,o„ia ^ the Hl-.e it i^a,l„h.,y 

n,.,.rj, on a„d .e. . do. 

Bcribcd on page 383. Test the sails meiitinnod 

under A (c). the follmving may be prc.^cnt: AgCl. .AgHr. Agl, AgCN. lb.*)., 

Bilicates (ferro- and fcrricyanides). . , , tj.. iK.. itwolubln 

II silver 1. preaent, the halogen aclda nrust he looked tor. 

Bllvcr «dl by rlnc and aulfurlc acid, filter oft tlm residue, and examine tlu lillratc 

"i"^s,i::i. i. wun 

fiU. mat. the filtrate ^.1 will,.. dmcUiri.^^ 

If Bihcates are present, IIjI m ■ ***’'^*'/ ’ , i f,.kk n.l silver 

* • ~ I a* * vvwiv\rkri*fl its i^oiuiVKir tonSiUU buver 

In wHfltpvpr wiiv n solution is nrcj)iir^u» ucic . • * * 

uifiat. anrbiirchloride In order to a-eerlalu to ivha. group.s the aeak, present 

belong. , 

Then make the neceotiary tests for the individual membere. 



TABLE IX. — THE SILVER NITRATE TEST 

Treat Oie original, neutral, aqueoxia solution, or the solution which has been neutralized with acetic or nitric add, with an excess of silver nitrate. 
No Precipitatc 

IS Foumkd. a Phecipitate is Foiiued. 
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TABLE XI. — EXAMINATION OF GROUP I 

First test for HCN hy j>^acing a liitU of the solution on a watch^lasSf adding a few 
drops of yellow ammonium sulfide^ evaporating carefully to dryness^ acidifying 
the dry mass with HCly and adding a drop of FeCh solution* If a blood^red col- 
oration is produced^ HCN is present^ in which case treat a larger portion of the 
neutral solution with nickel sulfate * solution in excess ^ and filter* 


Precipitate. Solution. 


Ni(CN )2 

Discard. 

Treat the solution, which is now free from hydrocyanic acid, with a 
little caustic soda solution (free from halogen), boil and filler off 
the precipitate of Ni{OH)i, divide the filtrate into two parts and use 
one part for the HBr and HI tests and the other for the HCl lest. 

1 


Tests for HI and HBr. 

Test for HCl. 


Make the solution acid with dilute 
HiSO*, add chlorine water drop 
by drop, and shake the solution 
with CSi or CII C/j. If the latter 
is colored violet, HI is present. 
By further addition of chlorine 
water, the 05* or CHClz is de- 
colorised completely if HBr js 
Absent, but turned yelloirish- 
brown if HBr is present. If too 
much chlorine water is used a 
wine-yellow color is produced. 

1 

Make the solution slightly acid 
with HNOi, and add dilute 
\ AgHOi drop by drop. Agl 
and AgBrare first precipitated 
{yellow). Filler and add more 
AgNOi. If the Drecipi/a<c 
still appears yellow, filter 
through a new filter, and 
again add AgNOs to the filtrate 
until a while precipitate of 
AgCl is formed if HCl is 
present. 


* If forricyanjc actd f>rc^nt qIm add a liufe ferrous sulfate. Forroc>‘a&ie acid is completely pre* 
cipitatod by uickcl sulfate. 


Grotip n 

The raeml)crs of this proup are almost always detected id the prelimioary exam* 
iuatiou. The special to^ts for these acids are described on page 345 et seq. 


Croup III 

SOj» COj, II 1 C 2 O 4 are rocopnized in (he preliminary examination. HPOj, HiPjOr, 
HBOi, and HiC 4 n 406 arc teslod for separately by the special reactions described on 
page 305 ct seq. 

Group IV 

CrOj, ITjPOi, and IlcSiOi are detected in the preliminary examinatioDi and in 
the analysis for metals. 

Group V 

HClOj and HNOj ore usually detected in the preliminary examination. Their 
presence is, however, always can Gr mod by the procedure described on page 424. 

Croups } 'I and VII 

These acids are usually detected in the preliminary examination. Their pres* 
once is conGrmed by the tests described under II 2 SO 4 , HF, and SiO^. 
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(B) Method of A. A. Noyes* 

According to this simplified method of testing for the common acidic 
constituents likely to be present in minerals and commercial products, 
the substances are classified into (1) natural substances and igneous 

products and (2) non-igncous products. 

The first class includes minerals, orc.>^, slags, mattes, glasses, porce- 
lains, abrasives, and other ceramic products. These substances are 
examined for borate, carbonate, chloride, cyamde, fluoride, phosphate 
silicate, sulfide, and sulfate. The second class includes such industria 
products as ordinary chemicals, pigments, fertilizers, an ^mmercia 
preparations which are not high-temperature products. le^e su >- 
stances are tested for arsenate, arsenitc, borate, bromide, carbonate, 
chlorate, chloride, chromate, cyanide, ferrocyanide. erricyanide lluo- 
ride, hypochlorite, iodide, nitrate, nitrite, oxalate, phosphate, Mluate, 

sulfate, sulfide, .sulfite, and thiocyanate. 

Phosphate and silicate arc detected during preparation of tlie solution 
and examination for basic constituents. 

ANALYSIS OF NATUKAL SUBSTANCKS AND IGNKOIS I BOHltTS 

TABLE XII.— DETECTION OF SPU'ATE, CAlUiOXATE. SII.MDE, 

AND CYANIDE 


Boil 0.5 g of O^e substanc rvUh IICI and Zu. cnlU cUn.j ml of dUUlhU , n Bn > 0// 
tolution; filter the mixture Irfl in the disiilli"0 Jl^‘''^'- 


Filtrate: Add DaClt. 
White precipitate 
of BaS 04 shows huI- 
fate. (2) 




To a part of the Q'W 

A bhtrk precipitate <»f 1 
shows sulfuJo. (3) 


7’o thr rest of (he solution 
add Fed-, boil and add 
llCl. 'I'lic format i<»ti of 
I’riis.sian .'^liows cy- 
uni<lo. (3) 


PROCEDUUK 

1, Plac* 0,5 , ot the fiecly powdered rul.tnnre, ehout ...url, .rrenuletcd rine, 
and 10 ml of 3-normal HCl, wliich ha.s just iK^en l>oilc<l for a imnutt i - . 

iP the 60-ml n,e,k A of Fig. 17. Doth the Ihusk,. tl.e draw.oB are n.ade of 


• OeoiifahVr Chmirof dnafy.i., Mh Kdition, 1020. This 
well euitod tor the u»e of larRe elaKsca will, a lin.iu.d time aasig.icd for the atudy 


the subject. 



480 


SYSTEMATIC ANALYSIS 


hard glass. The safety tube B is about 25 cm long and reaches nearly to the bottom 
of A. The delivery tube C is about 50 cm long and extends only to the bottom of 
the rubber stopper in A but nearly to the bottom of flask D which rests in a beaker 
of cold water and contains 25 ml of barium hydroxide solution. Both flasks are 
provided isith two-holed rubber stoppers, but one of the holes is left open in the 
flask D. 

Heat the mixture in the flask A and slowly distil about 3 ml of liquid into D. 
Examine the liquid that remains in A by § 2 and the liquid in D by § 3. 



Fio. 17 

2. Filter tlie contents of flask A, and add barium chloride to the filtrate. A 
white pncipiUitv of barium sulfate shows the presence of sulfate. 

3. Take Ivvo-thirds of the liquid in the flask D and add acetic acid, 1 ml at a 
time, until the solution reddens blue litmus paper. A white precipitate of BaCOi 
which dissolves partly or completely upon adding the acid shows that a carbonate is 
present. If only a slight tuibidity is obtained, compare it with the result obtained 
by carrj'ing out the distillation test with acid and zinc alone. 

.•\dd 5 ml of lead acetate solution: a black precipitate of PbS shows the presence of 
a sulfide. In doubtful ciiscs a blank test must be made with the acid and zinc alone, 
carrying out the distillation in exactly the same manner. 

Test the remainder of the distillate for cyanide by adding 1 ml of FeClj solution, 
boiling for a minute, and finally making acid with IICI. The formation of Prussian 
blue shores the p.-csffice of a crjanidc. 

4. Place 1 g of finely powdered substance, 3 ml of water, and 3 ml of concentrated 
ILSOiin the distilling flask .1 of Fig. 17 and pour 5 ml of water into flask D. Distil 
until the liquid in A becomes oily in appearance and the flask is filled with white 
fumes. During the distillation take away the flame from under the flask for a 
moment, to allow the liquid in the safety-tulie to run back into the flask; do this 
twice. Test the distillate for chloride and fluoride as described in § 5. After the 
solution in the distilling flask has cooled to room temperature, add to it 8 ml of 
methyl alcohol and mix by shaking. Distil oft most of the alcohol, catching the 
distillate in 8 ml of 12-normal IICI diluted with 3 ml of water. Examine this second 
distillate by § 0. 

5. Boil the first distillate obtained by § 4 for about a minute, and filter if it is 
turbid. To about one-fourth of it add 2 ml of 6-normal HNO» and a little AgNOj 
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Distil Igofthe substance (A) unlh H,SO* alone and (B) ut7/« U:SO, andCHzOU. (4) 


A. Test a portion o/ the first dislillale with AgNOt. 
A white precipitate of AgCl shows the pres- 
ence of a chloride. _ 

Test another portion with CaCU- A white pre- 
cipitate of CaF 2 shows the presence of fluo- 
ride. (5) 


B. Test the second distillate 
uilh IICI and tunntric 
solution. .\n orange or 
red color shows bo- 
rate. (6) 


solution. A white precipitate of AgCl shows the presence of chloride. , 

mainder of the distillate ad<i 5 ml of CaCl. solution and allow the noxU re to - d 
fifteen minutes. A white precipitate of CaF, show^ the presence of finortde. Conhnn 

by the Daniel test described on page 4:i7. on ,r>\ n.i.l 

6. Transfer the second dustillate of § 4 to a graduate, dilute to 20 «'. ■ d « 

2 drops of alcoholic turmeric solution (cf. p. 01). An orange or red color shoos 

presence of horate (cf. p. 370). 

TABLE XIV. - DETECTION OF SULF.\TE. ^ 

AND SILICATE I N SUBSTANCES UNl)ECOMlH>.''El> A(.1D^ 

Fuse the substance with Na.C(h and crlracl tlo nuil udlh water, rejecting the in- 
soluble residue. iJivule the fiotulion into two \0 


Take Iwo-thirds of the aqueous extract and 
evaporate to about 0 Add IKU, filler, 

reject the precipitate and add liaClt to the 
filtrate. Fitter. (8) 

To the n inaindt r of the n'pieoiis estnirl 
add HCl and ivaporntc to dnjiw.-i.-i. 
Add JK'I to the residue, ddtilc and 

JitUr. (!()) 

Precipitate: A 
white pre- 
cipitate of 
BaSO« shows 
sulfate. 

Filtrate; Add NnCzlI 
and CaClt. A while 

precipitate of Cal* 2 
shows (luorido. (U) 

A g<4at inoii-s 
precipit ale 
of ll,Si<b 
show.s .sili- 
cate. (11) 

1 

7’( >7 the filtrate for 
hiirnlr with alco- 
hotir liirinrric .solii- 
lion. .\ re<l or 
orange color 

.«liow.s borate. 
(12) 


7. If the oiigiiml substance is not decom[Kjsiil)le by treatiiKiit 
in an open dish, or an insoluble residue is left after sinli tie.i mo i , 

' likely to give negative results e\on 


from the combuHtion proclucln of the illumimitiJiK i * i ii < • fi 

cred and by placing it in u liale in u Hhoet of usbrstos papfr, UHvil y mi 
aijl>e«to8 paper wirnea only a Utile I>c*1<av the upper ed^e of t u ‘ ' ‘ , 

futflon, cool the crucible and place it in 40-00 ml of water. 1 oi un i ic 


te<l ti^^litly Ml that the 

er the 
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is disintegrated, and filter. Reject the insoluble residue, or use it for tests for basic 
constituents. 

8. Evaporate two-thirds of the aqueous extract to about 6 ml and add 6-norroal 
HCl, 10 drops at a time, until the stirred solution is acid to litmus. Filter and 
reject any precipitate. Add 1 ml of HCl to the filtrate and a little BaClz solution. 
A white precipitate of BaSOi shows the presence of sulfate. Since illuminating gas 
contains a little sulfur, sometimes a slight turbidity is due to this source. In doubt- 
ful cases a blank test should be made by fusing the same quantity of sodium carbon- 
ate in the nickel crucible without any of the substance to be tested. 

9. Filter off any barium sulfate obtained in § 8 and test with more BaCU to 
make sure that the precipitation of sulfate was complete. Add 10 ml of 3-normal 
NaCjHjOj solution and 10 ml of CaClj reagent. A white precipitate of CaF i forming 
vnthin fifteen minutes shows (he presence of fluoride. Confirm as in 1 5. 

10. Make the remainder of the aqueous extract obtained in §7 slightly acid 
with IICl and test for silicate as described on page 447. 

11. Filter off any silicic acid obtained in § 10 and test the filtrate with 5 ml of 
r2-normal HCl, 8 ml of CjHsOH, and 2 drops of alcoholic turmeric solution as in § 6. 


AN.\LYSIS OF NON-IGNEOUS COMMERCIAL PRODUCTS 


TABLE XV. — PllEPAR.nTON OF THE SOLUTION, GROUP TESTS 


Boil 2.’) g of the fine powder with 3-normal Na«COj solution, filter, and wash 
tlie residue. Examine if for sulfide as in Talile XII. Use separate portions of the 
solution for the te.sts outlined below and in Tables XVI-XX. 


A 


A<idAgXO,.Xa\'02' 
and IIXOz. A 
p r c c i !> i t a t c 
.shows the i)res- 
enc'O of a mcMubi’r; 
of the CHLOKIOE 1 
GuorP. j 

Ezorninc for 
S'", CN-. 
lFe(CN),]==, 
|Pc(CN)d---. 
SCN", Cr, Br- 
r, CIO" find 

ClOi h>i Tables 
XVI. XVI!. and 

XVUI. 1 


B 

AddllC.lI .OiyBaCli 
and CaClz. A 
precipitate 
shows the pre.s- 
ence of one or 
more nicrnbers 
of the Sl'LF.\TE 
(lliOlT. 

Test for SO, , 

sor“.Cr()r-. 

E and Cst), 
by Tabic Xl\. 


C 

,ldd .UnCli and HCl. 
A dark color of 
MnClj shows the 
presence of an 
Oxidizing Acidic 
Constituent. 

If it is not obtained, 
further tests for 
IFe(CN),) , 

CIO", cior, 

CrO« ,NOj and 
NOj^ are unnec- 
essary. 


D 

Add HCl, FeCU and 
Kj\FeiCN)t]. The 
formation of Prus- 
sian blue indicates 
the presence of a 
Reducing Acid 
Constituent. 

If it is not obtained 
further tests for 

S--. IFe(CN)d-“. 
I-,SOr”andN02- 
are unnecessary. 


PROCEDURE 

Gently boil 2.5 g of the finely powdered substance with 25 ml of 3-normal NajCOj 
in a covered porcelain dish. Filter and wash the residue with hot water, and test 
it for sultidc only, I'y tlie method outlined in Table XII. Dilute the aqueous extract 
to .‘W mi and u."^c portions of it for the tests A, B, and C below for further tests ac- 
cording to Tables X\’l -XX. 

.1. To 1 ml of the Xa-COj .solution, adii 5 ml of water, 3 drops of chloride-free, 
3-normul NaNtX solution, I ml of .VgXOs reagent, and 2 ml of G-norinal HNOa. If 
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a precipitate ot insoluble silver salt is formed, continue as outUned in Table X\ I. 

B. Dilute 2 ml of the NajCO, solution with an equal volume of water, add 6-nor- 
mal HCxHjO:, 5 drops at a time, until the stirred solution is acid to litmus paper, and 
add as much more acid in excess. Filter if necessary, and add 1 ml of Bad, reagent 
and 3 ml of CaCl, reagent. Heat to boiling and aUow to stand ten minutes, if a 
precipitate forms of insoluble barium or calcium salt, test another portion of the 

NaCOj solution by the method outlined in Table XIX. , r^i 

C To 1 ml of the Na,CO, solution, add 4 ml of a saturated solution of MnLl, 
in concentrated HCl and heat nearly to boiling. A dark brown or black color of 
• MnCl, shows that a nitrate, nitrite, chlorate, hypochlorite, periiianpnate, chro- 
mate, or ferricyanide is present. If the test is not obtained these acids are absent. 

D To 1 ml of the Na^CO, solution add 3 ml of water, I ml G-normal HCl, 2 drops 
of FeCU reagent, and 2 drops of K4Fe(CN)d reagent. A blue or green eo oration 
(Prussian blue) indicates the presence of sulfide, fcrncyaiude, iodide, sulfite, or 
nitrite. If it is not obtained these acid constituents are not present in the Na=CO, 

"'"iTa positive indication was obtained in C. test a 2-ml portion of the Na:CO, solu- 
tion for nitrate and nitrite by Table XX. In all cases examine a 3-ml portion of he 
Na,CO. solution for borate according to Table XX. If arsenic «;a.s found 
the examination for cations, examine a 3-ml portion of the Na=CO, solution for 

arsenite and arsenate by Table XX. 

TABLE XVI. -SEPARATION OF THE CHLORIDE GROUP INTO 

SUBGROUPS 


To 0 ml of Na,CO, Mlon iTahlo XV) mU IWO,), cod fill, r if „cco.,sonj. (1) 

Black precipitate 
of rbS shows 
sulfide. 

Filtrate: Add IlCJIiOt nnd .VH.VOa)* 

soludon. (2) 

Precipitate: 

Ni,(Fc(CN)el, 

Ni,lFc(CN)eij. 

Ni(CN)j. 

See Table XVII. 

Filtrate: may contain SCN .1', Hr • 
Cl“, Cior. Add A(ji\ OiOud //A Oj. (3) 


AgSCN, .Agl, 
AgBr, AgC'l. 

See Table XVIII. 

Filtrate: may con- 
tain ClOj . Add 

A white 
prccifntole of 
indicnles chlitralt or 
hypochloritr. (4) 


1. If AgNO, produced a precipitate by the procedure given in lable \\ . the 
color of the precipiUte often shows which member of this group is present, lluis 
Ag^ l8 black. Agl is yellow, AgBr is light yellow, AgdKdCN )») is orange, and Ag(.l. 
Ag(CN), AgSCN, and Ag«(Fe(CN).) arc white. The white prcci|)itatc.-> darken, 
however, on exposure to light. To test systematically for the various members of 

the chloride group, proceed U.S follows: . . . ^ xr 

Add 5 ml of water and 1 drop of normal Pb(NO,), solution to G ml of the Na, . , 
solution. If a gray or black prccijnUHc of PbS is formiJ, sulfide ».■ 
precipitate of bafiic lead carbonate shows that sulfide is absent, u cr o le pre- 
cipitate and reject it. 
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2. Add 6-normal HC^HjO- to the filtrate, 10 drops at a time, until the stirred 
solution is acid to litmus, and then one-third as much more of the acid. Filter off 
any precipitate and reject it. To the solution add 3-10 ml of normal NifNOa)* 
solution and allow the mixture to stand 10 minutes with frequent shaking. If a 
precipitate of NifCN)., Ni.(Fe(CN)«l, or NijlFeCCN)®]* forms filter it off, wash it 
thoroughly with water, and examine it according to Table XVII. If the precipitate 
is so slimy that it is hard to filter, add some filter paper pulp, shake vigorously for 
a minute or two, and filter with gentle suction. 

3. To the filtrate from § 2, add 2 ml of (>-normal HNOa and some AgNOi solu- 
tion. If a black precipitate of AgjS forms, owing to the addition of an insufficient 
quantity of lead salt, add 5 ml more of HNOj and boil gently for a minute or two. 
A white precipitate indicates the presence of a chloride or thiocyanate, a yellow 
precipitate indicates an iodide or bromide. Filter and e.xamine the precipitate by 
Table XVHI and the filtrate by the following treatment, if an oxidizing constituent 
wjis found in Test C of Table XV. 

4. Add a few drops more of AgNO* solution and 5 to 20 drops of chloride-free, 
3-normul NaNO. solution. A white precipitate of AgCl indicates the presence of a 
chlorate or hypochlorite. Since hypochlorite is changed into chloride and chlorate 
by boiling with NajCOj it is necessary to test the original substance for clilorate and 
hypochlorite. 

Treat 0.5 g of the original substance with 10 ml of cold water, shake, and filter. 
To one-half of the filtrate add 6-normal HCjHiOj, a few drops at a time, until the 
solution is acid. Then add 3 ml of PbfCjHjOj)* reagent, heat to boiling, and allow 
to stand five minutes. brown precipitate of PbOj shows that hypochlorite is 
present (cf. p. 308). In case a positive test for hypochlorite is obtained, to the other 
half of the aqueous solution add 20 ml more of water, 5 ml of HNOjandSml of normal, 
chloridc-frce Na.VsOj solution, and 5 ml of AgXOj reagent. The sodium arsenite 
reduces the hypochlorite to chloride without affecting the chlorate. Filter off the 
.'silver chloride and reduce any chlorate in the filtrate with NaXO- solution. A white 
precipitate of silver chloride now shows the presence of chlorate. It Is so difficult 

TABLK WII. — DETECTIOX OF THE SEPARATE CYAXIDES 


Trent the nickel precipitate nf Tabic XVI on the filter xcith 3~nonnal XH tOH. To 
the solutioti Ihua obtained, which xnay contain (Xi(NHj) 4 l(OH)j, (NH^ldFefCN)*) 
(XIDslFcCCX)*], and XILCX. add AgXOi and XazSO^. (5) 


Precipitate: 

Ag,(Fe(CX)fi). 

Add fICl and 
Fe{X 03 ) 3 . A blue 
residue of Prussian 
blue (and white 
AgCl) shows ferro- 
cyanide or ferri- 
cyanide. (6) 


Filtrate: NILlAgCCN),], Ni(NO,)i, AgNO, and 
’ XH^XOs. 

Add UNO,. 

Precipitate: 

AgCX, add (NH4)2S. (7) 

Filtrate: Ni**^, 
Ag+ and NH4+ 
as nitrates. 
Reject. 

Residue: .AgeS. 
Reject. 

1 

1 

Solution: 
NH4CXS. Add 
FeiNOz),. Red 
color shows cy- 
anide. (8) 
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to get reagents free from chloride that often a turbidity is obtained here when no 
chlorate is present. The behavior of a chlorate with concentrated sulfuric acid is 
characteristic and should always be used as a confirmatory test for cWorate (cf. 


p. 423). 

5. Pour a 10-ml portion of 3-normal XH<OH three times through the precipitate 
of insoluble nickel salt obtained according to Table XVI. To the ammoniacal 
solution, add 2-5 ml of AgXOj and normal Xa^SOj solution, a few drops at a time 
and shaking after each addition, until any brown color disappears. If a precipitate 
forms, examine it by § G and the remaining solut ion by § 7 . 

G. A whiU precijnlale of AgdFc'lC.V)^) ^hotvs Ihal ferrocyanide or fcnicyanulc uas 
present in the original subsUmee. Treat the precipitate on the filter with 1 ml of 
0-normal HCl mixed with an equal volume of normal Fe(X03)j solution. The 
formation of Prussian blue confirm-s the last conclusion. To determine whether 
ferrocyanide or ferricyanide was originally pre.^ent, dilute 1 ml of the original XujCOj 
solution (Table XV) with 5 ml of water and add 1 ml of (>-normal HXO; and 1 ml 
r)f normal Fe(NOj)a solution. The formatiun of Prussian blue shows the prcsuicc of 
/crrocyanu/c. Filter, repeatedly if necessary, and add I ml «if FeCla solution. The 
formation of Prussian blue now shows (hat a femeyanide was prcsiul. 

7. To the filtrate from the insoluble Ag,(re(CX)c] obtained in § 5, add IIXO; 


until the odor of NHj disappears and then 5 ml mure of acid. The formation of n 
while precijnlale indicales Ihe jwesenct of a cyanidi. Filter and reject the filtrate. 

8. Pour repeatedly through the filter a o-ml portion of (XII<):S reagent, evaporate 
the solution just to dryness, and add to the residue 2 ml of IlCl and 2 ml of FetXOj)j 
solution. A red color of ferric thiocyanate conlirius the cyanide test (cf. p. 32i ). 


TABLE XVIII. — DETECTION OF THIOCYAK.VTE, IODIDE, BROMIDE 

AND CHLORIDE 


Silver Precipitate from Table XVI. §3: AgSOX, Agl, AgBr, AgCI. Trcal 
with NHipn and (N//0>S'. <!)) 


lU-sidue; 

AgjS. 


Solution: may cotiluin SCN". I", Br" and Cl as ammonium salts. 
Add //.VO,, Fci.\(h)» and CC1«. Shah and allow two layers to 

hirrn. (10) 


ICCL Inyur: WuttT Iav^•^: Ur , Cl . Fe(SCN)3 and somo I,. 

Purple color lied color shows thioeyanate. lioil off iodine, 
shows iodide, cool, add KiMnOt ond CCIa. (11) 


Vapor: CCU layer: WuJor layer: lioU off all 

1 2 . Ur?. Orange oj Hfi add NnSO^ and 

color shows AgNO^. (12) 
broniido. 


Vapor: 

Urj. 


Prc*cipitato: 
A>;CI shows 
chloride. 


486 


SYSTEMiVTIC ANALYSIS 


9. Transfer the precipitate of insoluble silver salt (Table XVI, § 3) to a small 
porcelain dish and digest it mth 5 ml of concentrated NH4OH. Add (NH4)iS, 10 
drops at a time, until after heating the mixture nearly to boiling and letting the 
precipitate settle, the reagent causes no further precipitation of silver sulfide. Filter, 
and reject the precipitate. 

10. Evaporate the filtrate until it no longer smells of ammonia, add 5 ml of water, 
and filter off any precipitate. Pour the solution into a small separatory funnel, 
add 1 ml of 6-normal HNO,, 3-8 ml of normal Fe(NOj)» solution, and 1 ml of CCI4. 
Shake the mixture well and allow it to settle. A pur])le color of tko lower layer shows 
that on iodide teas present (cf. p. 319). If an iodide is absent, pass at once to § 11. 
A red color of the aqueous layer shows presence of thiocyaruUe or muck iodide. 

If iodide is present, draw off the CCI4 layer, add 3 ml of fresh CCI4, and shake. 
Draw off the bottom liquid, and repeat these operations until the CCI4 no longer 
shows a purple color. Transfer the aqueous solution to a porcelain dish and boil 
for one minute. Pour back into the separatory funnel, add 1 ml of CCU, and shake. 
A red color of the aqueous solution shows thiocyanate. 

11. Add to the mixture in the separatory funnel, 2 ml of 6-normal HNOj and 
then 0.2-normal KMn04, 2 drops at a time, until the aqueous layer shows the purple 
color of permanganate. Shake and allow the two liquids to settle. A yellow or 
orange color in the CCU layer shows the presence of bromide. 

TABLE XIX. — DETECTION OF SULFATE, SULFITE, CHROMATE, 

FLUORIDE, AND OXALATE 


To 6 ml of .VaiC’O* .solution (Table XV) add AgXO, solution if sulfide was fomd 
by ^ I or thiocyanate by § 10. Acidify toilh HCl and filter if necessary. Add BaCU. 

(13) 


Precipitate: 
BaS04 shows 
sulfate. 

Filtrate: may contain SOj"* , CrjCH" 
Add Br 2 solution, (M) 

1 

F-, CjO,--. 


Precipitate: 
BaS04 shows 
sulfite. 

' Filtrate: may contain CrjO; , F~, Cj04 

Add NaCifhOj and CaCU. (15) 



Yellow precipitate: BaCr04. 

White precipitate: CaFi, CaCi04. 

1 


Test a part of the 
precipitate for flu- 
oride by the Daniel 
test on page 437. 
(10) 

Dissolve a part of the predpt- 
ialc in HA'Oi, add fCA/nOi 
and distill, catching the uo- 
pors in Ba{OH)i solution. 
A white precipitate of 
BaCOj shows oxalate. (17) 


12. Transfer the aqueous solution to a flask; dilute to about 40 ml with water. 
If bromide or thiocyanate has l)oen found, boil the mixture for five minutes, adding 
more KM11O4 if the mixture loses its purple color. .\dd 3-normal, chloride-free 
NaNOj solution until the mixture is decolorized and any precipitate manganese 
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dioxide has dissolved. Then add a httle AgNO.. A uhile precipitaU of silier 

chloride shows the presence of chloride. , t , i v-s; o . i „ a i 

13 It a precipitate was obtained in the procedure of Table XV B, take 6 ml of 

the original Na, CO. solution (Table XV), and, it .sulfide or thiocyanate has been 
found present by § 1 or § 10, add an e.xcess of AgNO, solution U these ac.d.c 
constituents are not removed some sidfate will be formed m § 14 when bromine is 
added. Filter and make the filtrate slightly acid by adding HQ 10 drops at a 
time. Filter off and reject any prcci|,itate of silver ch oride. Add 1 ml more of 
HCl and 5 ml of BaCh solution. A •rhie prcajntate of UaSO^ shou's sulfate. 

14 Filter off any BaSO, and add suturate.1 bromine water, 1 ml at a time, until 

the Uquid after shaking smells of it. Heat nearly to boiling. A while precipitate of 
BaSO, shores sulfite. Filter off the precipitate. ^ , f i 

15. To the filtrate add 10 ml of :j-norinal XaCjIIjOs solution and 10 ml of normal 
CaCli solution. A yellow precipitate .shows chromate. A white precipitate may 
be fiuoride or oxalate. Shake well and pour ono-liulf of the mixture through each of 
two filters rejecting the filtrates. \V:i>h the precipitates well with water. 

16. Treat one portion of the precipitate as outlined on page 437 to determine 

whether fluoride is present. , , • 

17. Treat the other portion of tl.o precipitate to determme the pre.-enee of oxt - 

late aa follows: Pour a 5-ml portion of l.ol, O-normnl UNO, several times H.rongl 
the rater and transfer the .sniution to the lla.sk .1 of I-'K 'J- ■> "[ « -■'“ruial 

KMnO, which has been previously made ae.d witli UNO. and ^ 

Boil the contents of the flask for two or three minutes and cate I. he "a"!' ‘‘t ■. -o ml 
of Bam.) solution. A while prcdpilnic of UaVO, shoo: or, date (ef. p. JbOl. 

TABLEvXX. — DETF.CTIDN OF NlTIt.Vl'F, NITUITE, BOlt.ME, 

AKSEN.Vl'E, AND .Vlt.'tEMTE 


Use the Bodium carbonate B-lution obtained lu-crding t<. 'I'ablc XV for tlic.^c testB. 

If an oxidiziny 
acidic comlitu- 
enl was found 
according to 
Table XV, C, 
boil 2 rnl of the 
solution ■until 
NaOn and Al. 
Test the vapors 
for Nllt with 
KxIIgl*. A red 
precipitate of 

ligO • JIgNIItl 

ffti test for cither 

nitrite or ni- 
trate ic«i o0~ 
Inined, mid 
llCxH/h ufid 
C.SNilli. 
Evolution of 
Nj and for- 
mation of 
red I‘’c(SCN)» 
on adding 
FeClj hIiowb 
nitrite. (19) 

.\dd IICI. 

(' ill Jill ami 

turmeric .sy/ii- 

A.I.! UNO,. Nil, OH and 
Mg(NO,)2. (21) 

tioii. 

An orange color 
show.s borate. 
(20) 

Ailil /ly-VOj 

noluiion. A 
n*<l r<'si<liie of 
AuiA.'*^() 4 
sIioNVrt ar.HC*- 
nate. (22) 

Filtnifo: 

niav contain 
. 1 n- 

Iroilurc //iX. 

A yrllow pro- 
af(* <ji 

AsjSj shows 

iirsenile. (23) 

shows nitrile or 
nitrate. (IS) 






IS. If a positive test will. MnCI. magei.t was olitaine.l, test for .lil.ule or i.ilrite 
to if ammonia can l« formed by reduelio.i with alumim.in m alkaline so iitioii. 
If the original Bubstanw; eonlaiii., a......o..iun., hull 2 ...1 of tl.e sodiu.i, e,.rh„.....e 

Kilutioa, obtained as outlined in Table XV, witb 10 ml of water iiiid 3 ml of ...iioriiial 
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sodium hydroxide until the volume of liquid has been reduced one-third. If no 
ammonium salt is present in the original substance, this boiling is unnecessary unless 
the sodium carbonate solution has stood for some time in the laboratory. To 
the cold alkaline solution containing NajCOj and NaOH, add about 0.5 g of alu- 
minum turnings and heat gently so as to keep up a brisk evolution of hydrogen 
Hold in the vapors a glass rod wet with Nessler solution. An orange or red precipi^ 
late on the rod shows the presence of nitrate or nitrite. 

To estimate the quantity of nitrate or nitrite carry out the test so that the escap- 
ing vapors pass into a test tube containing 5 ml of cold water, which is kept cool by 
placing it in a beaker of water. To the distillate add Nessler solution until no more 
precipitate is formed and compare the quantity of precipitate with that produced 
in solution of ammonium chloride containing a knoum quantity of the salt. 

19. If a positive test was obtained in 18, take another 1-ml portion of the original 
NasCOj solution and add gradually 1 ml of 6-normal acetic acid. (If thiocyanate or 
iodide has been found present, shake 1 ml of the sodium carbonate solution with 
about 0.5 g of solid .XgjCOa and filter.) Add 1 ml of (>-normal acetic acid and an 
equal volume of a 10 per cent solution of thiourea. Let the mixture stand five 
minutes. The formation of gas bxibblcs indicates a nitrite. Add 1 ml of HCl and 1 mlof 
Fc(NOi)3 solution. A red color proves that nitrite is present. If no red color is 
obtained, a nitrate is present. (In this scheme of analysis no provision is made for 
detecting a nitrate in the presence of a nitrite. Cf. p. 420.) 

20. To just 3 ml of the original sodium carbonate solution, add just 8 ml of 12- 
iionnal IICl in small portions. Add 8 ml of ethyl alcohol, allow the sodium clUoride 
to settle out, and decant the solution into another test tube. Add, from a dropper, 
just 2 drops of turmeric dissolved in ethyl alcohol and allow the mixture to stand 
ton minutes. An orange or red color shows the presence of borate. Compare the 
color with that obtained with a known quantity of sodium borate. 

Chlorate, nitrate, nitrite, and chromate affect the color of turmeric, and when 
iodide is present there is sometimes trouble caused by tiie liberation of iodine during 
this test. If any of tho.se interfering constituents are present, evaporate 3 ml of the 
sodium carbonate solution to dryness, add carefully 2 ml of r2-normal IICl, and again 
evaporate to dryness. To the residue add 1 ml of 3-normaI NajCOi solution and 2 ml 
of water, heat to boiling, and filter if necessarj’. Then apply the borate test as 
de.«cribed above. During this treatment a part of the boric acid will be lost by 
volatilization. 

21. If arsenic was found present in the examination for cations, dilute 5 ml of the 

NajCOi solution with twice as much water and add IIXO3, 1 ml at a time, until an 
acid reaction is obtained. Then add G-nonuul NILOII a few drops at a time until 
the stirred mixture turns red litmus blue, avoiding an excess. Filter if necessary, 
and add 10 ml of Mg(NOs )2 reagent. Let the mixture stand ten minutes with 
frequent shaking. Filter and wash any precipitate with normal NILOH. A 
white precipitate of shows (he presence of arsenate if phosphate is absent. 

Test the filtrate witli H>S to see if it rontain.s any arsenie in the trivalent condition. 
.-Vn immc<linte pre<-ipitation of yellow .AsjSj show,s the presence of arsenite. 

Pour onto the filter containing the insoluble magnesium salt a i-ml portion of 
AgNOj solution to which a few drops of acetic acid have been added. A dark red 
residue shows the presence of arsenate. If the residue is yellow and there is doubt 
whether any arsenate is present, pour a .5-ral portion of 6-normal HCl through the 
filter a number of times and add 1 ml of KI solution and 1 mlof CCb. Shake, and 
if the carbon tetrachloride becomes purple, an arsenate is present. (Cf. p. 150.) 
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If a precipitate of doubtful color was obtaiiied in the .Vs-Sj test, examine the 
precipitate for arsenic as outlined in Tabic IV, page 183. 

Detection of Carbonate and Sul6dc in the Original Substance. Test as described 

under Table XII, § 3. 


B. The Substance is a Metal or an Alloy 

The analysis of a metallic alloy is much simpler than that of a mixture of salts, 
because there are no acids to test for. Of the electronegative elements, usually 
only phosphorus, silicon, carbon, and sulfur have to be considered. 

Since all common metals, with the exception of gold, platinum, tin, and antimony, 
arc soluble in nitric acid, alloys are usually brought into solution l)y dissolving therein, 
and the use of aqua regia is necessary in only a few easels. Many alloys rich in 
silicon (c.ff., copper silicide) are extremely difricultly soluble even in aqua regia, and 
are best brought into solution by fusing with caustic alkali in a silver crucible, and 

afterwards dissolving the melt in nitric acid. 

It Ls not advisable to dissolve an alloy in hydrochloric arid, for phosphitlcs, car- 
bides, silicides, sulfidts^, an<l arsenides, wliich arc often pre.sent in .sm.all aiiK.unts, 
are decompo.scd by this acid in such a way that the negative elements arc cv<.lved 
as hydrogen compounds, and thus escape ileteetion. For the analysis of ordinary 

alloys, the following procedure is used: , . , 

Place 1 or 2 g of the alloy (best in the form of borings) in a 200-nil porcelain dish 
and treat them under a g<.od hood with about 20 ml of nitric acid, deii.sity 
1.25-1.30 (1 vol. cone. UNO, + 1 vol. H,0). .\ftor the first violent reaefi.m i.s 
over, carefully evaporate (with constant stirring) almost to dryne.v.s, being careful 

to avoid overheating;* add a little water, and heat. 

(«) The mass dissolves completely. Tlic all«.y contains neither tin nor anti- 
mony; analyze it according to Table XXI, pag<' 401. 

(h) The muss does not di.ssolvc completely, but a white, greenish residue remains; 

analyze according to Table XXll, page 402. 


C. The Substance is a Liquid 


The color, odor, and reaction toward.s litmii.s enable one to draw imfiortunt con- 
cluKioris. 

(a) The Holution reacts neutral; it eonlains n<> free acid, free hase. noul suit, no 
salt which shows an acid or alkaline reaction on account of hydrolysis, nor any 

insoluble salt. ■ i - i 

First of all, determine whether there arc any solid suljstanees dissolved m tlie 

liquid by evurwrating a small portion to dryncs-s at as low a temperature as possil.e 

(so as not to lo.se any volatile sub.stance.s). If a re.Mduc rcmam.s, examine it aci oi.!- 


ing to A, page 4.53. 

(h) The solution reacts alkaline. An alkaline reaction may be due to the pres- 
ence of liydroxides of the alkalic-s or alkaline earths, peroxides, carlioiiatcs, borates, 
cyanides, silieatej<, sulfide.s (zincates. aluminate.s, molybdates, tungstatc-s) of the 
alkalies, as well us ammonia or alkali hypochloritc.s, etc. 


•Otherwise insoluble basic salts are likely to he formed. If this be the ca.se. 
as is often shown by the dark color of the residue, add a little ronrent rat< d UNO,, heat 
the liquid somewhat, and then dilute with water. 
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If the solution, for example, contains hydroxides or carbonates of the alkalies, 
it is evident that substances which are precipitated by them cannot be present at 
the same time, except, in some cases, in the form of complex ions (cyanides, tar* * * § 
trates, etc.) 

At once test the solution for peroxides, hydroxides, and carbonates, as well as 
for the sulfides of the alkalies. 

To test for peroxides* (HjOi) heat a little of the solution ^ith a few drops of 
cobalt nitrate solution; a black precipitate shows the presence of HjOj.f Or test 
the solution by adding some titanium sulfate solution and acidifying carefully with 
cold dilute sulfuric acid; a yellow coloration shows the presence of 

A still more sensitive reagent, according to Sch6ne,§ is a verj’ dilute solution of 
FcClj + KjlFefCNli). If the slightest trace of HjO. is present in the solution, the 
red solution becomes greenish, and after a time Prussian blue separates out. 

In order to detect the presence of hydroxides and carbonates in the presence of 
IIjO;, boil a portion of the solution for a long time in a porcelain dish in order to 
destroy the peroxide, and then add barium chloride until no more precipitate is 
formed. If the solution now shows an alkaline reaction, the presence of hydro.xidesH 
is assured. If the precipitate produced by barium chloride dissolves in acid with 
effervescence, and the gas evolved renders barium hydroxide solution turbid, car- 
bonates are present. If the .solution smells of ammonia, evaporate a small portion 
to dryness in order to see whether other compounds are present, and examine the 
residue according to A, page -153. 

(c) The solution reacts acid; it can then contain substances which are soluble 
in water and in acids, as well as free acids. Evaporate a small portion to dryness 
in order to sec whetber any non-volatile matter is present. If no residue is obtained, 
neiitralize tlie solution with soda and test for acids. If a residue is obtained, ex- 
amine it according to A, page loS. 

D. The Substance to be Analyzed is a Gas 

Thu case is discussed in Vol. II under Gas Analj'sis. 


* See p.age 4.^S. 

t If the alkaline solution contains hypochlorites or sulfides, these will also give 
a black precipitate with cobalt nitrate; the above reaction serves only to detect 
H :02 in the absence of hypochlorite.-? or sulfides. U these last substances are present 
HjOj is absent, l)ccauso hypochlorites are reduced to clilorides and sulfides oxidized 
to sulfates by lUOj. 

The presence of hypochlorites is usually detected by the odor; on acidifying 
with dilute IIjSO,, the odor of chlorine can be detected. Sulfides give off HjS on 
being acidified. Hypochlorites and sulfides cannot exist together in the same 
solution. 

J H-Oz can also be detected by the chromic acid reaction, but this test is certain 
than that with titanium sulf.atc. 

§ Dir., 7, 1695. 

‘ I.itlier as .<iich in the original solution or by hydroh*sis of peroxides. This 
tcj-t for on ions in the presence of earbonatc.-^ has bi'cii used for years. It is reliable, 
thongh care must be taken to add an excess of BuCl:, ns othenvise an alkaline reac- 
tion may be due to BaCOj, which is more soluble in water than in DaClj solution. 
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TABLE XXII 

The allo 3 ', after being evaporated with nitric acid, does not all dissolve in water. The alloy contains tin or antimony, or both.* 
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SUPPLEMENT TO PART IV 
SEMI-MICRO ANALYSIS 

It was recommended on page 452 to take a sample of about 1 g for the 83 ’stematic 
detection of the cations present in a solid. For every cation, tests are knonm which 
are capable of detecting much le.ss than 1 mg, and, wlicn the chief interest is to 
establish the identity of a fairly pure substance, a very little sample suffices. In 
practice work, for example, a student may l>c given a sample which the instructor 
knows is barite, BaSO<. He expect.s the student to identify the sample as BaSO. 
and does not know whether 0.02 i>cr cent of SrSO, is present. If the student report.s 
" a trace of SrSO« is present ” the instructor rarely knows whether this represents 
especially good work on the part of the studer.t or cureles.s work in attempting to 
carry out tlie routine procedure. If. on the other hand, one desires to know whether 
0.02 per cent of SrS 04 is prc.sent in a sample of barite, he will usually take a sample 
of more than 1 g and carry out the test in a somewhat different way from that given 

in the conventional procedure. 

In the recent development of chcmicnl analysis, more and more emphasis is placed 
upon the detection and identification of very small quantities of material. Ihus the 
physician may desire to know whether lead or arsenic is jiresent m the blood stream 
or in other fluids of the body, aiul often but little material can be spared for the te->^t 
The result has been the development of mimerous microchemical tests, many of whicli 
have Ixien already de.«cril)ed in this lH>ok. Many teachers feel that it is liest to en- 
courage the student to work with small samples and that all that is ncccs-sary for 
a stmlcnt to know about rpiulitutive analysis can be (aught best by a course in 
“ Semi-micro Qualitative Anulv.sLs.” The chief objc linn to this idea is partly that 
additional equipment is necessnrj’ but mainly that the student is required to use 
iiutncrous organic reagents concerning wliich be kiicms but little. I lie tests l>eocmio 
almost a matter of Magic. Many stmlcnts, however, rat her like this s|>irit of mysti- 
cism and prefer it to being f.irccd to un.loixtand chemical reactions and to being 

obliged to bulanec a lot of chemical equation:^. 

In Hemi-micro qualitative aimlysLi, the weight <.f sample and the volumes of so u- 
tions used arc smaller than in ordinary work. Al.out 20 mg of material is taken for 
the complete detection of cations, and the total volume of solution is usually Ic.as 
tlian 5 ml, because mo.st of (ho lest.s arc made with dro/w of solution and drops of 
reagent. Filtrations are u-sually avoided, the sumo result lieing obtained by (he use 
of a hand centrifuge such as can be purclm.scd for aliout ten dollars. 'I he solution 
and precipitate arc placed in a ’S-iiA centrifuge tulie, and, after centrifuging, the su|)cr- 
natant liquid (centrifugate) is removed by means of a eaiiiilury pipet, or a medicine 
dropper. To wiLsh the residual precipitate, a little wiuvh liquid is added and mixed 
with the precipitate by means of a platinum wire, the liquid is centrifuged again, 
and the supernatant liquid removed us liefore. If filtration is required, a filter of 
2r,.nim diameter at the top is sufficiently large, and a heavy gla-ss suction flask 
of not greater than 2.5-ml capacity is suitable if su.-tion is needed. Test tubes and 
crucibles of about 5-ml capacity are used, and beating b aecomplislicd with a micro 
hunter. 
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In the following procedure,* the systematic analysis is carried out in much the 
same way as has been described for >n<icro work, except with respect to details in 
manipulation. To save space, many of the Chemical Abstracts abbreviations are 
used in the description (cf. p. 93) . 

Most of the tests described on pages 453-460 require very little material. The 
charcoal and bead tests, however, can be omitted if the worker has not already had 
considerable experience with blowpipe analysis. The closed-tube test and the test 
with concentrated sulfuric acid should always be tried; in the last test use a 2-ml 
test tube or a 5-inl crucible (cf. pp. 453, 458). 

Test for — To about 2 mg of the sample, or the residue obtained by evaporat- 

ing a few drops of a soln. to dryness, add a few drops of 3 A' NaOH, heat gently, and 
test the escaping vapors with moist, red litmus paper. Note also whether there 
is any perceptible odor (cf. p. 290). 

Tests of Solubility. — To a very small portion of the sample in a 6-ml test tube 
(or a smaller one) add a few drops of water and heat over a small flame. Note 
whether water has any appreciable solvent effect, and, if it has, test the soln. with 
litmus. If water does not dissolve the sample, test the same way with HCl, HNOi, 
aqua regia, etc. The procedure is like that described on pages 460-467 except that 
these expts. are carried out in a very small test tube and with only a few mg of 
sample. 


SYSTEMATIC CATION ANALYSIS 

The systematic procedure follows the some plan as that outlined in Table VIII on 
page 471. The sample taken for analysis should weigh about 20-50 mg, and it should 
be prepared, as indicated by the preliminary tests of soly., with about 2 ml of solvent. 
If HCl is used for dissolving or decomposing the sample, Ag, mercurous Hg, and 
possibly Pb will ppt. us chlorides upon dilution and the residue must be examined for 
Ag, Pb, Hg, and other insoluble substances (cf. pp. 406-471). 

Group I 

Precipitation. — Place 1 ml of an aq. or dil. HNOj soln. in a 3-ml centrifuge tube, 
add 1 drop of coned. IK.’l (or more if necessary), and stir with a Pt wire. Take out 
the wire and touch (he end of it to a piece of blue litmus paper, to make sure that 
the solution i.s !ici<l. A turbidity which clears on the addition of a little more acid 
indicates the prcscticc of Bi, Sb, or Sn; it must be remembered, however, that AgCl 
dissolves in an exccs.s of strong IICl, and ppts. on diluting. If no ppt. forms, pass 
on to Group II. 

If a ppt. of insoluble chlorides is formed, heat the soln. to boiling, place in the cen- 


* Cf. G. Gutzeit, Hdv. Chim. Acto, 12, 829 (1929); Heller and Krumholz, Mikrch 
chemie, 7, 213 (1929); F. Feigl, Tiipfclreaklionen, 2nd ed. (1935); K. Heller, Mikro- 
chonie, 8, 33 (1930); C. J. van Nieuwenburg, Mikrochemie, 3, 199 (1931); 
van Nieuwenburg and Duller, Qualitative Analysis by Drop Tests, 2nd ed. (1935); 
Engelder, Dunkelberger, and Schiller, Semi-micro Qualitative Analysis (1936); 
Behrens and Klcy, Mikrochcinischc Analyse (1921); Benedetti-Pichlcr and Spikes, 
Introduction to Microiechnu/ue of Qualitative Analysis (1935); Emich-Schneider, 
Microchimiral Laboratory Manual (1935); IVinkley, Yanowski, and Hynes, 
Mikrocltcmic, 21, 102 (1930). 
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trifuge, balance with a similar tube, and rotate both tubes to throw the ppt. into the 
bottom of the tube. Pour off the centrifugate, or remove it by means of a capillary 
pipet or a medicine dropper. Add 2 ml of hot water, again centrifuge, and add this 
centrifugate (which ma}* contain PbOj) to that first obtained. Repeat this treat- 
ment with hot water at least once more but discard the centrifugates after two 
treatments with hot water. Test the firet centrifugate with a drop of HCl to make 
sure that enough wjis added to cause complete pptn. If more ppt. forms, treat it 
again as just described, but pay no attention to a crystalline ppt. of PbClj which may 
form on cooling but is easily distinguished from the curdy ppls. of AgCl and HgjClj 
(cf. p. 115). 

Deleclion of Ag and Hg. — To the ppt. in the centrifuge tube, add o drops of 
SperccntKCN soln., heat gently over a micro burner, and centrifuge. The re- 
sulting soln. will contain .VgfCNir or Hg(CN). if Ag or mercurou.s Hg Is pres- 
ent. Place 1 drop of this soln. on spot test paper,* add 1 drop of 2 A HNOj, and 
follow this with a drop of a satd. soln. of /Mlimcthylaminobcnzilidinerhodanine, 


HN-CO 


SC 


CII 


\c./ 



N(CI1j) 2, in acetone. If -Vg is present a red stain will form. 


Mercuric ions give a similar test in the absence of oyanide (cf, p. 121). 

Place another drop of the si.lii. upon spot test paper, and at the same place on the 
paper add 1 drop of freshly prepared SnCl, soln. and a (lroi> of clear, fre.dily di.std. 
aniline. A black, brown, or gray spot (due to finely divided Ilg) shows that Hgj 
was present in the original sample (cf. p. 107). 


(^roup ii 

Precipitalion. — Take the centrifugate from Croup I. or the original solution if 
no precipitate of AgCl or Hg,CI: wius formed, and evaporate, if necos.sury, to about 
1 ml. Add 1 ml of coned. IICI and heal to b..iling. Saturute/vith 11, ^ 
sure for five minutc.s. Reduce the acidity to aliout 0.:i A by adding coned. .MI.OII 


from a capillary pipol, boil again, and introduce ILS for tliree m.nntc.s more, ten- 
trifuge, remove the centrifugate, and wash the ppt. \yith d ml of hot water. ( en- 
trifuge again, and add this second eentrifiigate to the liM one. Again sat. with 11:^ 
to make sure that pptn. of Croup II Is complete. If tl.o pr*tn. wa.s inmmplefe, 
transfer the centrifugate in which the new p|)i. is suspended to tlie centrifuge lube 
contg. the original sulfide ppt. an<l again ecnlrifuge. \Va.sh tiie ppt. with hot, 1 per 
cent NH«CUoln. and then uith 1 per cent Nil. N<b until the .soln. .shows only a slight 
acidity. Add the finit two wa.shings to the centrifugate containing (.roups III, 
IV, and V (cf. p. 1«0). 

Separation into — To the residue in the centrifuge tube add ..-10 

drops of Na^S reagent (p. 91), stir with u JH wire, and i.eal for at least 1 inm. 
Centrifuge and transfer the centrifugate to another centrifuge lube. It will contain 
AsSr", SbS«’". SnSj"', and HgS; ' if thc.se cleincnLs arc pre.seiit, and the residue 

may contain PbS, Cu.S, and CdS (cf. [). 1^0). 

To the residue add 3 more drop.s of reagent, u little water, stir, heat, and eentri- 
fuge again. Repeat these operations until the exlracti«.n of the Ilg, As, Sb, and 


• A suitable paper is C. S. & S. (KH. The paper is < alle<l rii]>fd,,npt,r ati.l i.s u.sed 
for Tupfelreaktionui (spot tests). It U someliine.s . ailed drop ivaction j.aper. 
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Sn is complete. Test each centrifugate by taking a drop on a glass slide and adding 
a slight excess of HCl. Compare the result with that obtained by treating a drop of 
the reagent similarly: if As, Sb, Sn, or Hg is present a precipitate of HgS, AsStt 
SbsSs, or SnSj will be obtained (cf. p. 180). 

Analysis of the Copper Group. — Wash the undissolved sulfide with portions of 
hot water, centrifuge and remove the centrifugate each time, until the washings 
are only slightly basic to litmus. Add to the washed residue 5 drops of 3 N HNOs 
and boil carefully for a min. Centrifuge and transfer the soln. to a small crucible. 
Repeat this treatment with small portions of HNOj until all the Pb, Bi, Cu, and Cd 
is in soln. The residue is usually S enclosing a little unattacked sulfide. It some- 
times contains HgS. It can be tested for Hg by dissolving in HCl and KC10« and 
testing with SnClj as described for the examn. of the As-Sn subgroup. 

To the soln. in the crucible, add 3 drops of coned. H:SO« and evap. carefully until 
dense fumes of HiSO* are evolved. Cool and transfer, with a pipet, to a centrifuge 
tube containing 3-5 drops of cold water. Centrifuge, and use the centrifugate for 
the Bi, Cu, and Cd tests. 

Detection of Pb. — Wash the PbS04 residue with two 2-ml portions of water, 
using the centrifuge each time and adding the centrifugate to the main soln. To 
the washed residue add 3 drops of 3 N NHtCiHaOj soln., and heat to dissolve the 
PbS04. To the resulting soln. add 1 drop of KjCrO^ reagent. A yellow ppt. of 
PbCr04 show’s that Pb is present (cf. p. 112). 

Detection of Bi. — To the soln. obtained from the PbSO^ test, add strong NHiOH 
from a pipet until the soln. is b:isic. This serves to ppt. Bi(OH)j and leaves Cu and 
Cd in soln. as ammoniates. If ppt. forms, remove and wash it with the aid of the 
centrifuge. Test the residue for Bi by the NajSnOi reaction (cf. p. 125). It is con- 
venient to transfer a little of the Bi(OH)j ppt. to a piece of filter paper and moisten 
the paper with a drop of freshly prepared NuiSnOi soln. 

Detection of Cu. — If the soln. has a blue color no further test is necessary. If 
in doubt, transfer a drop of the soln. to a white spot plate, make acid with HCzHjO-, 
and add a drop of K4Fc(CN)6 reagent. A red ppt. of Cu.Fe(CN)« proves the pres- 
ence of Cu (cf. p. 137). 

Detection of Cd. — If Cu is present, add to the soln. 5 drops of N KCN soln. or 
sufficient to accomplish complete decolorization of the blue soln., and sat. with HjS. 
A yellow ppt. of CdS shows (he presence of Cd. If Cu is absent, merely make the 
ammoniacal soln. slightly acid with H5SO4 and introduce HtS. 

Analysis of the Tin Group. — Make the centrifugate from the NajS treatment just 
acid w'ith 3 N HCl to ppt. the sulfides of Hg, As, Sb, and Sn. Centrifuge, and discard 
the centrifugate. To the residue add about 5 drops of coned. HCl and boil to dissolve 
SbiSi and SnSj. Dilute with 5 drops of water, centrifuge, and transfer the centrifu- 
gate to a small test tube. Wash the residue several times with 1-mI portions of 
hot water. Add the first washing to the SbCly-SnCU solution but discard the rest. 
To the residue in the centrifuge tube, add 3-C drops of 6 iV NH4OH. Stir, heat, and 
transfer the supernatant liquid to another centrifuge. Wash thoroughly with 6-drop 
portions of NH4OH, and add each washing to the ammoniacal soln. that may contain 
A.SO4 and .\sS4 . Test each portion by taking a drop of the ammonia extract, 

adding acid, and seeing if any yellow AsiSj ppt. is formed. Treat with NH« water 
until the last centrifugate fails to give a yellow ppt. on adding acid. 

Deieriion of Hg. — If a black msidue remains after the ammonia treatment it is 
pnibably HgS. Di^usolTC in n little coned. HCl and a crystal of KCIO*, transfer to a 
small crucible, and test for Hg as described under the ivnalysis of Subgroup As-Sn. 
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Detectujn of As. — Add HCl to a portion of the ammoniacal soln. until the reaction 
is acidic. A yellow ppt. at this point is indication that As is present (cf. p. 144). 
To the remainder of the ammoniacal soln. in a small tube, add a little 2n and a few 
drops of 6 N HjSO<. Make sure that an excess of acid has been added, by testing a 
drop of the soln. with litrnu.**, insert a plug of cotton wet with Pb(C 2 H 30 .): soln., and 
over the tube place a strip of pajMjr moistened with 50 per cent .VgXOjsoln. (cf. p. 15.j). 


A yellow or gray spot is .As.Agj • .-^gXOj. 

DelecUon of Sb. — To 1-2 drops of the SbClj-SnCU solution on a spot plate, add 
some small crystals of NaXO^ and 1-2 drops of coned. HCl. Wlieri effervescence has 
stopped, add a drop of 0.01 per cent aqueous soln. of the dyestuff rhodamine B, 

/NCCjHj)! 

0,113 \ 


C»H«— y() . If SI) is prc.sciit the bright red, fluorescing soln. of the 

I 

CO - O ^X(C.IU)2 

dye will assume a violet tint. Place another drop of the .«)ln. on .i glas.s slide, he.it 
nearly to boiling, and add a crystal of Xa;S;()3 • 5 11^0; a red cnlor of antimony oxy- 
Buthde Is shown on the surface of the crystals if Sb is present (cf. p. 102). 

Detection o/Su. — Prepare .some pho.'^phomolylMHc acid liy treating a soln. of alkali 
phosphate with HXO3 and an excess of ammonium rnolylulate reagent. Di^-solve 
some of the vcllow ppt. in hot aqua regia, evnp. the soln. to dryness, di.s.solve the 
residue in water, and purify the phosphomolybdic acid by rccryst allization fm.n water. 
Impregnate some filter paper with a little of (be aqueous .soln. and lu.Ul over t he fumes 
of NHs. Reduce the HCl centrifugate contg. SbCh and SnCI, with a strip of Mg 
ribbon. Filter and place 1 drop of the reduced sfiln. upon (lie paper which \va.s 
impregnated with phosphomolybdic acid: if SriCl. is present, a <lark blue .stain forms 
immediately. The test can be obtaitied with 0.03 v of Sn. gives a .similar test 

if the paper Ls lield in .steam, but the above treatment with Mg b.r Zn) re<luces 
SnCl« to SnClj (which is necessary) and precipitates Sb, whicli does not interfere. 


Group 11/ 


If HsPO* H 2 C 204 , or HF \s present in the centrifugate from Group II, the analy.sis 
is complicated (cf. p. 2.50) by the fact that Ca, Sr. Ba. and Mg may r)pt- with Group 
III. The prc.seiice of Cr also caitscs fn.nl.le (cf. p. l‘»S). A method of analysi.s 
ill the absence of phosphate will be given biL^ed ..n the a>sumi)tion tliat I c, .VI. ami 
Cr can be sepuratcl from Xi, Co. Mn. ami Zn by means of Nil, OH. I hen it will 
l)e Bhown how the analysis can be conducted when the above interfering sub.stances 


are present. 


Absence of Oxalate, Tartrate, Fluoride, and Phosphate 

Place the Boln. from which Group II ha-s been removal l>y means of II 2 S in a 5-ml 
centrifuge tul>e, ad<l .5 «lrop.s of Br* water to oxidize Fe^\ ami boil off excess Hi :. 
Add Sdrop.sof 10 per cent Nil, Cl to prevent ppt 11 . of Mg(Oll).', and make distinctly 
alk. with coned. NH,OH. Stir with a Ft wire, and centrifuge. Transfer the centrifu- 
gate to another (ul)e, wash twice with 1-nil portions of b A' NM.OH, and add Uie 
wa,shingB to the main centrifugate, which may contain Xi(XIIj), Co(Xllj), , 
ZnfXII*),**, and Mn"-+ Ixi-sides alk. earths and alkalies tDivi.siori B). The residue 
may contain Fe(OH),, MnOfOH),, Cr(OH),, and AKOll}: (Division A), 
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Division A 

Separalion of Fe and Mn from Cr and Al. — To the residue, add 3 drops of water, 
3 drops of 6 NaOH, and small portions of NajO* powder while keeping the soln, 
cool. When effervescence stops, centrifuge, and transfer the centrifugate to another 
tube. The residue may contain Fe(OH)j and MnOfOH)* (1). The centrifugate 
may contain AlOj" and Cr04" (2). Wash the residue with small portions of cold 
water. Dissolve the residue in 4 drops of dilute HNOj and a few drop® of 3 per cent 
H2O2. 

(1) DeUcHon of Fe. — Place a drop of the soln. on a white spot plate; add 1 drop 
of dil. HCl and 1 drop of KiFefCN)* reagent (cf. p. 215). 

If the test is positive, it is desirable to know whether Fe'*'*’, Fe"*'*^, or both are 
present in the original sample. Digest a few mg of the sample wth coned. HCl, 
evap. off most of the excess acid, and dil. with a few drops of water. Into each of 
3 depressions on a white spot plate, place 1 drop of the soln. and test separately with 
1 drop of KCNS reagent, 1 drop of K4Fe(CN)# reagent, and 1 drop of a freshly pre- 
pared soln. of about 5 mg of KjFe(CX)6 in 5 ml of water (cf. pp. 211, 215). 

Deteclion of Mn. — To 1 drop of the soln. on the spot plate add a slight excess of 
powdered NaBiOj (cf. p. 226). 

(2) Dcteclion of Cr. — Unless the soln. is yellow, no test should be made. To 1 
drop of tlie acid soln. on a spot plate add HCjHjOi and a little powdered Pb(C-HjOj)t. 
A yellow precipitate indicates Cr (cf. p. 20-1). To a drop of the soln. in a small test 
lube add 1 drop of coned. IINOj and several drops of 3 per cent HiOj. Mix, add an 
equal vol. of ether, and look for a blue color in the ether layer (cf. p. 202). 

Dcicclion of .11. — Make the rest of the AlOi’ and CrO^ soln. barely acid with 
HNOj, add some solid NTLCiHjO:, 5 drops of either alizarin, alizarin S, or aluminon 
reagent, and N’lLOH to a basic reaction. Centrifuge, and look for a red color on the 
.\1(01I)8 precipitate (cf. p. 191). 


Division B 

Take the filtrate from the sepn. of Division A from Division B and sat. it with 
IIjS to ppt. NiS, CoS, MnS, and ZnS. If a ppt. forms, centrifuge, and save the cen- 
trifugate for the Group IV and Y tests. Wash the ppt. with small portions of hot 
water, and add the washing.^ to the first centrifugate. Dissolve the ppt. in 1 ml of 
G lY HCl, adding a little KCIO3 if necessary. Evaporate off Clj and about half of 
the acid. 

Ddedion of Ni. — Transfer 1 drop of the soln. to a spot plate; add 1 drop of 
dimethylglyoxime reagent and 1 drop of 6 X NHiOH (cf. p. 233, § 10). 

Ddedion of Co. — To 1 drop of the .soln. on the spot plate add just enough Nn«OH 
to leave the solution slightly acid, add 1 drop of a reagent prepared by dissolving 
0.1 g of a-nitroso-^-naphthol in 20 nil of water to which 1 ml of 6 N NaOH has been 
added, filtering and diluting to 200 ml. Look for a reddish brown precipitate (cf. 
p. 2-12, § 14). 

Ddedion of Mn. — Evap. 1 drop of the soln. with HNOj and test as above with 
NaBiOj. 

Dihrdon of Zn. — Prepare some cobalticyanide test paper by dissolving 4 g of 
KjCo{CN!« and 1 g of KCl in 100 ml of water, moisten a piece of filter paper with 
tlii.^ soln., and dr>' at room temp, or at 100’. To the remainder of the soln. which has 
been tested for NI, Co, and Mn, add IINOs until about 5 per cent of acid is present 
(1 ml of concentrated IINO3 contains approximately 1 g of HNO>). Transfer a drop 
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of this soln. to a disk of the test paper, of about 1-cm diameter. Dr>’ over a micro 
burner, and bum the paper. If Zn is present, the ash will show a green color (cf. 

p.250). 

Presence of Tartrate, Oxalate, Fluoride, or Phosphate 

A. Presence of Oxalate, Tartrate, or Fluoride. — Evaporate the filtrate from Group 
II to dryness in a porcelain crucible. Add a few drops of coned. H:S04 and heat 
until fumes of H2SO4 are evolved. If charring results, cool, add a few drops of coned. 
HNO, and heat until dense fumes of H2SO4 are again evolved. Repeat this treat- 
ment until the soln. is practically clear. Cool. dil. with water, add 3 times as much 
alcohol, and centrifuge. The residue may contain BaSO,. SrSO«, and CuSO,. The 
centrifugate may contain Group III, Mg and the alkalies. Wash the re.<idue with 
small portions of G N H^SO* which has been diluted with 3 times as much alcohol. 
Transfer the residue to a porcelain dish, add 2 ml of 3 A Na^CO,. cover the dish with 
a watch glass, and heat on the water bath. Transfer to a centrifuge tul>e. with the 
aid of hot water. Centrifuge the mixture and <liscard the centrifugate. Repeat 
this treatment with Na.CO. twice iimre. and discard the centrifugate each time. 
In this way, the sulfates of Ba, Sr, and Ca are changcil. f<.r the most part, to insol. 
carbonates (cf. p. 2G8). Di.'y^olvc in a few drojis of G A IINOj, and test for Ba. Sr. 

and Ca as will he described for the analysis of Gnuip IV. 

B. Presence of />/.o«/dm<c.-Tho above treatment with II:SO, also overcomes 

much of the trouble caused by phosphalc-s in (he analysis of Group HI. 1 he fol- 
lowing procedure servos to remove phosi>hate ion.s (cf. ji. 2.»n). 

Boil the centrifugato from Group H to remove H;S and then adrl sufficient 11,0: 
to oxidize the Fe+'*’. Make baiely ammoniacal with NIUOII, and di.-solve the ppt, 
by dropwise addii. of IlCl, avoiding an oncc.vs (if no ppt . f-.rims on adding ammonia, 
no member of Group.s IH aiul IV can be present except Ni. 0>. and Zn whose phos- 
phates are easily dis.solvcd by c.xco.ss MB). 'lost a porti..n of I ho sa. n. for Jc 
as described above. To (he .slightly acid .-oln. add O:.., g of solid 
pp. 190. 213). If more than sufficient is present to form I-el ), with all the 

POr- pre.scnt, the soln. will turn red. If n..t. add Fef 1, soln. until it doo.s .\d<l 
a little water, and heat to boiling. The precipitate may contain Fed (),. I , • 

C,H,0„ AIP0«, and CrPO,. Examine the precipitate for Al and Cr, and test the 
centrifugate for Mn, Ni. Co. Zn, Ca, Br. Mg. K, nnd Na according to the regular 


procedure. 


Group If 


To the centrifugate from Group HI ad.l a little solid NH.CTKaml 
reagent sufficient to ppt. all Ba, Sr. an<l Ca as carb-nates (cf. -.0). Centrifuge, 

and reserve the centrifugate for the Group V (‘"sis. , ,, rp 

Oe/criicrrio/Ca. — Dissolve thecarbr.nnle ppt. in as little HMba.s po-s.sil. e. Trans- 
fer the soln. to a small porcelain dish, and evap-'rate to .Iryness. Heat the .iry resi- 
due with the free flame, moved about llie bottom of the .li.di, 1<i make suic (hat it 


is anhydrous. Crush the <lricd an.l cooled re.d.liie an.l ad.l abuut 1 ml of Ma e 
acetone. Stir and pipet off the supernatant liquid, which may contain Ca(NOj),^ 
Save the residue for the Ba and Sr tests. To the acetone solution, add a diop of 
{Nn4).C,0« reagent and 5 dr<>p.s of water. If a white ppt. f.nms it i.h probabls 

CaCjO,. Test in the flame after moistening with HCl (cf. p. 

Detection of Ba.— Diasolve the residue, insoluble '* 

add 2 drops of 0 A HCJIjO, and an equal vol. of 3 X Ml.( JEO, solulion. Ibrat, 
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and to the boiling soln. add dropwise sufficient KjCrO* to precipitate all the Ba. 
Centrifuge the mixture, and save the centrifugate for the Sr test. Dissolve the resi- 
due in dil. HCl (avoid an excess), test in the flame and, in case of doubt, dil. with 
twice as much water and test with a drop of dil. HiSO*. 

Deleclion of Sr. — To the centrifugate from the BaCr04 ppt. add NH4OH drop- 
wise until the liquid is lemon colored; a pale yellow precipitate is SrCr 04 (cf. p. 265, 
§ 6). Confirm by the flame test. 


Group V 

DeUciion of Mg. — To 1 drop of the centrifugate from Group IV, add 1-2 drops 
of a soln. made by dissolving 1 mg of p-uitrobenzene-azo-o;-naphthol, 


or p-nitrobenzene-azo-resc 



11 


in 2 V NaOH. A blue color shows the presence of Mg. Care must be taken to make 
sure that the soln. is basic. If the soln. tested Is strongly acid, a few drops of NaOH 
soln. should be added. The test is exceedingly delicate and will show the presence 
of Mg in tap water or in the ash of a qualitative filter paper. If, therefore, a very 
pale test is olhained, a blank test should be made with a drop of the distilled water. 

Ddcctioii of Xlli- — This test is always made on the original sample and has 
been de.scribcd fp. 290, § 1 or 292, § 8). 

Reinoi al of XII i SaUs. — To the remainder of the soln. after the Mg test, add an 
excess of IlNOj and evaporate to dryness in a small porcelain dish. Heat the residue 
over a free flame hy holding the burner in the hand and keeping the flame mo\ing 
slowly over the entire outside of the dish. Continue heating until no more fumes are 
evolved. Cool, wa.«h down the sides of the dish with a little water, and repeat the 
evaporation and heating. Finally digest the residue with 1 ml of hot water and filter. 

Detection of K. — Place a drop of the soln. on the spot plate, add a drop of .\gNO 3 
reagent and a little solid NajCofNOjlg. A yellow ppt. denotes K (cf. p. 2S2). Test 
in the flame, and view through blue glass. 

Detection of Xa. — .\dd 16 drops of Mg(CilIjOj)a + UOifC.HjOj)* reagent to 2 
droj)s of the soln. in a small test tube. A pale yellow ppt. which forms slowly 
indicates Na (cf. p. 285). 

Detection of Li. — To the rest of the soln. add a drop of coned. NILOII and one- 
tenth of the soln.’s vol. of 0.2 X NajHPOi. A white ppt. indicates Li (cf. p. 59S). 
The ppt. should give a red flame coloration when moistened with HCl and touched 
with a platinum wire, which is then held in the non-luminous flame. 
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The preliminary examn. for acidic constituents should be carried out as described 
on pages 458-460, but with little substance. The methods of preparing a soln. 
for the analysis arc the same as t hose discus.sed on pages 474-478. For microchemical 
work it is convenient to divide the anions into 3 groups.* In most ca.ses, the “ pre- 
pared soln.” is obtained by boiling the sample with Na.COj, and altering. 


Group / 

Carbonate, Cyanide, Mtritc, Sulfide, Sulfite, and r/iio.sri//n(c 

Preliminary Test. — Place about 10 mg of the sample in a .^-ml test tube, add a 
little water, heat to boiling, and add a few drops of dil. HCI. Effervescence may be 
caused by escape of CO- (coloile.ss and odorless gas) fr.)m a carbonate. J^O, (ga.s with 
tlje odor of burning sulfur) from a sulfite or thio.sulfate. II.S (odor of rotten eggs) 
from a decomposable sulfide, HCN (odor of bitter almonds) from a eyumde. and 
NO* (brown fumes) from a nitrite. Sulfur may be deposited from a thiosulfate or 

from the action of HjS and SOa. 

Dclcdian of CO,"". — See pages 372 and 479. 

Detection of CN'. — As a rule the odor suffices to detect the poisonous HCN which 
is liberated by the action of acid on a simiile cyanide. To detect CN in an aq, soln. 
of an alkali cyanide, place 1 dr<.p of tlie s«.ln. in a small porcelain crucible, a<l.l 1 <lrop 
of 3 U SOi, and cover the crucible with a filter paper which has been impregnated 
with copper-benzidine acetate. The pajier will turn blue when escaping HCN 
reacU with it. Oxidizing and reducing substances must be absent. 

To prepore tl.o tcet paper, mi*, at.orlly I.efore .. litttc of a «olr of 2 Sr. « - H.O 

per liter of water with an e<,ual vol. of a min. prcparcl hy .l.h.l.nK 47o ml oUa .1, a.,- honn.I.m- a. o.n e 
elution with .'.a.-, ml of water. In the Ic-t. n blue ..ninoKlul ..xulat.on pr.Hln. t of l.cnoU.m- for n.c-.l, 
t».e tet in inconcluBivc in the presence of oxuli*i..K or rr.lu.u.« ru .-tame,, llo oxula u.n of the 
beaiidino >5 due to the reduction of the Cu*‘ to colorlo, cuprocyamde complex (.f. p. IJn). 

Detection of NOr. — The appearance of brown fumes on ad<ling «lilute IIC'I is 
sufficient indication. The ga.s will liberate iodine and turn iodo-.-tarcli paper blue. 

The test with sulfanilic acid (p. 3-18) is very sensitive. 

Detection of S". — If H,S is evolved, the lead acetate test is sensitive (p. 3,.2). 
Detection of SO,". —The noticeulde e.-^cape of a gas witli tlio odor ..f M):, when 
thesainple is treated with dil. IKJI. serve-s t.. .Icte<-t the pres..nce of snil.fc in a .^.nall 
quantity of sample. If HC.M, NOn und 1I:S arc ali.sent. the bleaching effocl of the 
gas upon a drop of KMnO. solution held in the loop of u platinum wire indicates 

sulfite (cf. also p. 307, § M, and p. 487). r a ^ 

IhUcIwn of SM-. - Tho f„ll.,ni.w lest will show tl.o prrsence <, .S,0, even 

in the presence of S'" and dependn upon the fact that HkCI. reaet.s wnlh II.S tn h.rm 
white 2 IlgS • HgCl. and witli .S,0,'' to form Illth and Il;.SO.. h + Hit . Hgb. 
+ Ug** + IW - HgS + .SO.-- + 2,ie. l-lace a .irop of tl,e .,eu ral 

soln. upon the spot plate and mix will, n drop of 2 per cent I W I. soln. 1 hen 
add ahttle KCl, to convert excess IlgCl, to KllgCI., and test with Line ht.nus paper. 
If ihkxHulfuto wuK prcj^eiit it will turn red. 


•Cf. Engclder, Dunkellicrger, and Schiller, .9cmt-mtrro Analysts, New 

York (1930). 
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Group JI 

ArsenitCy Arsenate, Phosphate, Silicate, Fluoride, Sulfate, Borate, 

Oxalate, Tartrate, and Chromate 

Preliminary Tests. — To a few drops of the prepared soln. (cf. p. 482) add a slight 
excess of HCl and boil off CO2. Neutralize carefully (cf. Table X, p. 477) with 
NH4OII, till a tiny drop of the solution gives a neutral reaction when placed on litmus 
paper. Add 1 drop of BaClj reagent and 1 drop of CaCIi reagent (cf. p. 483). If no 
ppt. forms, the acids of this group are probably absent although it must be remem- 
bered that certain phosphates, fluorides, and silicates are not decomposed much 
by boiling with NasCOj soln. and borates of Ca or Ba form slowly, if at all, in the 
presence of NH* salt. A yellow ppt. ■with the group reagent is BaCrO^. 

Detection of . — To a few drops of the soln. add 1 drop of 6 JV HCH (or 

more if necessary to give an acid reaction) and introduce H2S. If a yellow ppt. 
of AsiSj forms immediately, AsOj is present. Test a fresh portion of the soln. 
by reactions 4 and 9 on pages 145, 147. 

Deteclion of AsO* . — To a few drops of the soln. add a liberal e.xcess of HCl, 
heat to boiling, and sat. with H-S. If a yellow precipitate is formed (cf. p. 148) 
AsO^ is probably present. 0)nfirm by reaction 7 or S on page 150. 

Detection of PO\ . — To a few drops of the soln. add 6 A’ HNOj in excess. Heat 
to boiling and add 1 ml of (NIDjMoO, solution (cf. p. 400). If arsenic acid is 
present, carry out the test after first removing arsenic as sulfide with HjS. 

Detection of SiOt". — Place a drop of the soln. in a centrifuge tube; add 1 drop of 
G N NILOII and 3-5 drops of G iV NILNOj solution. A gelatinous precipitate in- 
dicates SiOj"‘. Repent the test, using concentrated HCl instead of NH4OH. If 
these two tests are negative, and the substance is insoluble in acids, fuse some of the 
sub.stnnee with Xa^COj in a platinum crucible. Leach the cold melt Vrith hot water 
and then try the above test. If a positive test is obtained, perform the Daniel test 
{p.447). 

Detection of F~. — Place a little of the sample in a small glass tube, add a few drops 
of II'SOi, heat, and tc,st the escaping vapor with a drop of water (cf. p. 437). 

Detection of SO\'~. — Cf. page 433, § 1. 

Detection of BO 3 . — Place a few mg of the solid sample (or the residue obtained 
l)y making a soln. alk. with NnOU and evaporating to dryness) in a glass test tube; 
add a little methyl alcohol and a few drops of coned. HiS04. In the mouth of the 
tc.st tube, place a rul>l)er stopiKir carrying tul>cs like those of a wash bottle. In this 
ca,se, however, draw the end of the short tube out to a capillary and blow through the 
longer tube which dips into tlie liquid. Blow the vapors from the soln. into the 
non-luminous flame of a small burner; if HjBOj is present, vapors of its ver>’ volatile 
methyl ester will impart to the flame a brilliant green color. There is a slight danger 
of explosion if the exit tube from the test tube is not drawn out to a capillary. Very 
little HjBOj sufTices to give the test. It is never wise to evaporate an aq. acid soln. 
to dryness before applying the test because ILBOj is volatile with steam. 

Dclcelion o/C.G*"”. — To a little of the Xa;COs soln. add HCjHjO: to acid reaction 
and some CaCl. re-igcnt. If a ppt. forms, it is probably CaC:04 or CaFj. Centri- 
fuge, wash f he ppt . with hot water, and dissolve it in a few drops of hot, 6 N HjS04. 
To the liot soln. add 2 drops of 6 .V H:S04 and a small drop of KMn04 soln. Look 
for decolonization and evolution of COj (p. 3S0, § S). 

D( lection of CJItOt . — Heat a little of the sample in a crucible with concentrated 
II SO,. Charring and an emp\Teumatic odor indicate the presence of a tartrate. 
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To con5rm this indication, take 0.20 g of sample and, if the sample is not the free 
acid or an alkali salt, boil it with a little 3 -V KjCO,. Centrifuge, and make the soln. 
acid with glacial HC 2 H 30 j. Cool, and stir vigoroasly, which should cau.«e the forma- 
tion of KHC«H«0« (cf. p. 385, § 10). If a ppt. form.s, decant off the liquid and wa.<h 
the crystals with 50 per cent ale. Dissolve in a little NIl«OH and a<ld CaCU 
reagent. Filter, and wash with cold water. Digest the ppt. with cold 0 .V NaOH; 
boil the NaOH extract to see if a ppt. forms (cf. p. 3^4, § 5). 

Detection of CrO/’.— Unle-ss the soln. i.s yellow, CrO,''^ is absent. If Cr was 
found in the tests for cations, it may be present as C rO« (or CrjO? ). Place 
2 drops of the prepared soln. in a small test tube: add a drop of concentrated IINOj, 
3-5 drops of ether, and 1-3 drops of IIjO? (cf. p. 202). 


Croup III 

Ferricyanule, Ferrocyanidc, Thiocyanati-, lodulv, lirorntdr, and Cltloridr 

To test for the group place a few drop.-^ of the prepared .soln. in a small test tube, 
make acid with HNOs, heat to lK)ilmg. ami uthl a <lrop or two of .VgNOj reagent 
(cf. Table XVI). Ag»Fe(CN)6 is reddj.di brown and .sol. in Nil, Oil. .\c,l'eiCN )«. 
AgCNS, and AgCI are white, and the la.st two are sol. in Nil, Oil. .\gl i.s distinct ly 
yellow and iasnl. in NII.OH. AgBr is pale yellow, and it.ssoly. in Nil, OH (a.s well 

as in HNOi) lies between that of .\gl and .\g< 1- « - - c ,r» 

DeUction of FciCNh , Fc((\\)i'". Cf. pp- 334. § 7; .33,. > 10; 

340, §7. On spot te«t paper, plaeea .In.pof .V Pl- N( soln. ami a .imp of tb.^ pre- 
pared soln. which ho-s been aeidif.e.l with IlCdl.O.. Pl...l'etCN b, wi I be formed at 
the center of the spot, while CNS' ami FeU-N).-" vmH '.mve fartl.er away fmm 
the center. Add a drop of water to the eenter of the spot to eau.^e turtbei spn>admg 
of the last 2 anions. When the spot lia-s eea.se.l sprea.Iimr. make a narn.w line aems.s 
the spot with a 0.1 Vsoln. of FeCh in a eapillarv pipet . Perpemh. ular to tln.s line, 
draw a similar narrow line with a 0.1 .V soln. of 1 . b If nil 3 •‘nion> -m picM nt, 
Pruiwian blue will be f.jrmod near the mi.ldle of tliesp-.t along the l'.( Ij line, a little 
farther away on the same line re.l Fe(C:NSu will appear, and on the outer edge of the 
FeS 04 line TurnbiiH’s blue will be foiiml. 

Detection of /' awl Hr'. — Take a little of the prepared soln- m a small lest tube, 
add sufficient CCI, to form a distinguidiable layer beh.w lb.’ aq sol,,., ami .slowly 
introduce drops of Na()f:i soln. .\ftcr the addn. of each .in.p, >liakc and .•xaminc 
the ecu layer. I„ liberated fir.st (.L p. 321). .-olots t he ( 3 ‘I. i.ddisl, violet. niiher 
addn. of NaOCl oxidiz<« the 1, to MKb whieh is eoloile-; lli.-i, add a f.-w diop.s of 
CAf H,SO« and the yellow eol.ir of Hr- appeam in ih.- t ( 1. .solution. It i.s w. ll to 

carry out a blank test witli water if the Hr le-t is.loiibtful. „ 

Detection of cr . ~ TUbi Ls the coniinonest aim.ii of this group, and usually the 
formation of a white ppt . in a soln. w liieli is a.-id w M h II .N< ), i.s - iilli. i< iil . \ i. 'mi t 
but this ppt. is similar in uppearam-e b. .Vg-FeK'N),. .\g< N> and h not inm-h 
different from AgHr. If another anion -f this gmu,. i.s pr.-.nt. t.ake .some oi the 
prepared sohi., neutralize with llN<b. and intto.bi.-e KMr.n. ..oln. until a faint 
purple MuO«* color persi-sts. Centrifuge, ami <ii>eard th.- ppt. , , ^ 

»oln.. centrifuge, and again diseard the pj.t. Make aei.l wifli UNO,, add AgNC 
centrifuge, and diward the soln. Di.s.s..lve the p|.t. m a few .imp-s '.I eoned .\i . )l 
and bo sure that AgCI forms again on making acid with Il.\‘>3 If a \ . ry faint tc.st 
for Cl- is obtained, make a blank te.st wKl. all tin- r.-agcit.s UM-d; .so. hum carbonat.- 
alm.M always contains a trace of clilori.le ami r,.-.,uentlv a little . l.lon.l.- g. ts ,nt.> 
the UNO, b.,ttle from eareless interdiaiig.- of reag. nt l.ottle .siopp.Ts. 
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Group IV 

Acetate and Nitrate 

ft 

Deteciion of CtHtOi". — To a few drops of the soln. in a small test tube add 5 drops 
of ethyl ale. and 5 drops of coned. HsS 04 . The characteristic odor of ethyl acetate 
can be recognized if acetate is present (cf. p. 357, § 2). 

To another portion add Ba(NOj)* to remove interfering ions, filter, and to the 
filtrate add a drop of 5 per cent La(N03)s, a drop of 0.02 N iodine in ale., and several 
drops of dil. NH4OH. Heat to boiling and look for a blue color (cf. p. 358). 

Detection of NOz~. — Boil at least 10 mg of the sample with water. Filter, if 
neces-sary, and evaporate to a small vol. In a cavity on the spot plate, place a tiny 
fragment of FeSOi • 7 HjO (or of Mohr’s salt), a drop of the soln. to be tested, and 
a drop of coned. HjSO^. A brown ring will form around the crystal of Fe"*^ salt if 
nitrate is present (cf. p. 418, § 6). 



PART V. REACTIONS OF THE RARER METALS 

METALS OF THE H,S GROUP 


MOLYBDENUM, SELENIUM, TELLURIUM, GERMANIUM, 
GOLD, PLATINUM, PALLADIUM, RHODIUM, OSMIUM, 

RUTHENIUM,* IRIDIUM 

Molybdenum, Mo. At. Wt. 96.0, At. No. 42 

Density 10.2. M. P- 2022 ± 10’ 

Occurrence. — Molybdenite, M 0 S 2 ; wiilfenito, P1>M<)0<; powellito, CaMoO^. 
The mineral molybdenite ha.s suinetimes been mistaken for graphite wliieli in turn 
has been called plumbago or “ black lead.” .Molyl)deuum owes its name to the 
Greek word tnohjhdos = lead. 

Properties. — Metallic molybdenum when pure is silver white, tough, malloublo, 
and softer tlian glu&s. It is not oxidized easily by air or water at ordinary tem- 
peratures, but it becomes brown, tljcn blue, and linally white when lieateil above 
000’; the final product of the oxidation i.s white MoOj. As ferromolybdemim it is 
used in the manufacture of alloy st<‘els like tho.se for high-.-peed tools. Tlii.s con- 
stitutes the principal commercial application of molybdemim, flmugh sinallei <juan- 
tities are ased in electric lam|)s and radio tul)cs. Molybdic aci<l anliyilritle, MnOj, is 
used in the manufacture of dyes and inks utjd is on imi>ortanl ehcmic.al leugenf . The 
metal dissolves in nitric acid, aqua regia, an<l concentrated sulfuric aci<l. Molybde- 
num has a valence of 2, 3, 4, and 0, and form.s the following oxi<lcs: Mot). MoA. 
MoO:, and MoOa. The first three arc l>a.xic- uidiydriiles the lust oxide, Moth, ls 
an acid anhydride, forming a white ina-vs (yellow wh.*n waim) which is readily 
fusible, but very dimcultly volatile. When heatc<l stmiigly, <-o|orlc>s, tran.'parent, 
thin, orthorhombic plates of MoOj may be obtaineil from the fumc-.s. MoO, i.s only 
very slightly soluble in water, but ili.s.solvo.s readily in alkalic-s and m amiiioina, 
forming molybdates. Molybdic acid it.self can la* olitaiiied a .-^olid mass l.y 
acidifying the solution of an alkali molybdate; it Is .soluble in an cxc«-.ss of a. id 
(difference from tungstic acid). In the a«'i«l solutions, jirobably some liexavalent 
molybdenum cations are present. The most important commercial riH.lybdate 
is acid ammonium molybdate, corresponding to the formula. 

(NIIJeMorO,* . 4 11*0 or SfNiDsMoO, • 4 MoO* • 4 M ■() 


• It isdiffieult to group some of the rare elements eonsisteidly in the old qualitat ive 
arrangement. Treadwell places tliallium, vaiiailium. iiiolyl>d<-num. and tung.steii 
in this group, but there arc objections to such u elas.silicalion. In the iiuahtative 
Mhcme tungstic acid is similar to silieir acid, l.ut in other resj.cets tung^bc »nd 
molybdic acids are similar. Selenium and tellurium are distinctly acidic m tlicir 
compouiidj^ and rctJly do not belong with the cationti. 
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The alkali molybdates ore soluble in water; the remaining salts are mostly in’ 
soluble in water but soluble in acids. 

Aeocttons in the Wet Way 

A solution of ammonium molybdate should be used. 

1 . Dilute Acids precipitate from concentrated alkali molybdate solu- 
tions white H^MoO*, soluble in an excess of acid. 

Concentrated Sulfuric Acid. — If a trace of a molybdenum compound 
is evaporated with a drop of concentrated sulfuric acid almost to dryness 
in a porcelain dish, the mass is colored intensely blue. This is an exceed- 
ingly delicate reaction. 

Antimony pentoxide, considerable stannic oxide, and other impurities 
interfere with this reaction. 

2 . HoS at first colors acid molybdenum solutions blue, and precipi- 
tates, little by little, the molybdenum as brown molybdenum trisulfide, 
MoSs, soluble in ammonium sulfide, forming a brown solution from which 
M0S3 is reprecipitated by the addition of acids. The precipitation is 
best accomplished by saturating the acid solution with H2S in a pressure 
flask, stoppering the flask and heating in a water bath. Molybdenum 
sulfide is oxidized by treatment with concentrated nitric acid, or by 
roasting in the air, into M0O3. 

3 . FeS04 and sulfuric acid added to an acid solution of molybdate 
give a permanent blue color. 

4 . HjOj. — If a solution to be tested for molybdenum is evaporated 
to dryness on the wator-bath, the residue treated with a little concen- 
trated ammonia and then with hydrogen pero.xide, the ammoniacal 
solution is immediately turned pink or red. Then, by evaporating to 
dryness again and treating the residue with sulfuric or nitric acid, yellow 
permolybdic acid, HMoO^, is obtained. 

5 . KCNS causes no change when added to an acid solution of molyb- 
date but if zinc or stannous chloride is also added, a blood red color- 
ation is produced. The complex thioc3'anate formed is usually assumed 
to be K 3 [i\Io(CNS) 6 ] but more recent work favors the formula 
K2lMoO(SCN)6] with quinqucvalent rather than trivalent molybdenum. 
If the solution is shaken with ether, the red compound is extracted. 
Phosphoric acid does not interfere but tartaric acid does. 

As little ns 0.1 7 of molybdenum can be detected as follows: Place a drop of the 
solution to be tested on filter paper which has been moisteno<l with hydrochloric 
acid to prevent interference of tungsten. Add a drop of KCNS reagent- if iron 
is present a red spot of Fe(CNS)a will appear, and will disappear on addition of a 
drop of SnClj or of Na-S^O, when the red spot due to ICalMofCNS)*] will appear. 
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6. Lead Acetate precipitates white lead molybdate, soluble in nitric 
acid. 

7, Mercurous Nitrate precipitates yellow mercurous molybdate from 
neutral solutions; the precipitate is soluble in nitric acid. 


8. Phenylhydrazine, CelUNH • NIL, reacts with molyiidates in the presence of 
acid to give a red precipitate or blood-red coloration. Tlic phenylliytirazine is 
oxidized by molybdate to diazonium salt, and this couples witlj excc.ss phenylhydrazine 
and molybdate to form a colored compound. 

Place a drop of the solution to be tested on a .spot plate and Jiiix witli a drop of a 
solution of phenylhydrazine in glacial acetic acid. A red coloration ajipears with 
0.33 7 of molybdenum. 


9. Potassium Ferrocyanide produces a rcddi.sh luown precipitate — 
a very sensitive test. 

Molybdenum solutions containing free oxalic, acetic, or phospluiric acid.- usually 
give no precipitate with pot:tssium ferrocyaiiido, l)ut iiioicly a lirown coloratii'U. 
Molybdenum ferrocyanide Ls insoluble ii» dilute mineral acid> but i.s lU^solvcd by 
concentrated hydrochloric acid ami roprccipit:ite<l uiM)n diluting. It is readily 
soluble in caastic alkali and ammonia solutions, in whicli n-pect it i- different from 
the cupric and uranyl forrocyatiide.s (pp. 137 and .jI.))- To ih'tect the fei roe> aiiide 
ion in molybdenum ferroevanide, di-solve tlie .-alt In ummonia, saturate the am- 
moniacal solution with II, S, acidify with dilute ILSG,. hiter olT the MoSj. and test 
the filtrate with ferric cliloride solution fp. 3.il). 


10. Sodium Phosphate. — If a few drops of a >oliitioii of sodium plios- 
phate arc added to a molybdate .solution strongly acid with nitric acid, 
a yellow crystalline precipitate of ammonium |)ho-[)lioinol> bdale is 
formed, slowly in the cold, but nuich iitore (Hiickly oii warming tlie 
solution (cf. Phosphoric Acid. p. 40()J. Arsenic acid cau.-es tin- precipi- 
tation of a similar compound (cf. p. M9). 

11. SO 2 does not reduce dilute, .-strongly acid solutions of molybdates 
either in tlie cold or on heating. Neutral or .slightly acid solution.- uie 
reduced and colored l)lue. 

12. Zinc. — If a molybdate solution which is acid witli hydrocltlonc 
or sulfuric acid is treated with ziw, the .solution is colored at fii>t blue, 
then green, and finally brown. Other reducing agents .-luTi a> Sn( Iz, 
Hg 2 (N 09 ) 2 , etc., cause the same reaction. 


Reactions in Dry if uy 

Alkali molybdates, alone or with .sntlimn i-aiLonate, are reduced on 
charcoal to gray inoIyb(h*mim, a white incnistatiou iil MoO., bi irig 

formed at the same time. 

SaU of Phosphorus /W. — All moIylMlenum comiDtimls color the 
bead, Imt the color depends upon the eomaaitialion. In the oxidizing 


508 


REACTIONS OF THE RARER METALS 


flame the hot bead is colored brownish yellow to yellow; it becomes 
yellowish green on cooling and finally colorless. In the reducing flame 
the bead becomes dark brown when hot and grass-green when cold. 
The borax bead is similar but not quite so characteristic. 

Selenium, Se. At. Wt. 78.96, At. No. 34 

Density 4.28^.5. M. P. 217-220°. B. P. 690“ 

Occurrence. — /Uthough selenium is quite widely distributed in nature, it is 
invariably found in very small amounts, usually replacing sulfur, forming isomorphous 
compounds with lead, silver, copper, and mercury; clausthalite, PbSe; berzelianite, 
(Cu,Ag,Tl):Se; naumannitc, (Ag-,Pb)Se; tiemannite.HgSe; lehrbachite, (Pb,Hg)Se; 
onofrite, Hg{Se,S); eucairite, (Ag,Cu)jSc. It is also found in small amounts in 
many varieties of pyrite and chalcopyrite, and indeed the small quantities which 
are found in these minerals form the cliief source of the selenium of commerce. 
By roasting these minerals (as in the manufacture of sulfuric acid) all the selenium 
is volatilized, and is subsequently deposited in the lead chambers as a mud from 
which it is extracted with a solution of potassium cyanide and afterwards precipitated 
with acid: 

KCN + Se KCNSe and KCNSe + HCl HCN + KCi + Se 

The name .<8clenium comes from the Greek word sciewe = Moon. It was discovered 
by Berzelius in 1817. 

Propertie.^. — Selenium, like sulfur, exists in several allotropic forms. The vitreous 
modific.-ition, a-sclctiium, dissolves slowly but completely in carbon disulfide. Red 
fi-ftrk.nium is obtained by reducing a cold solution of selenious acid with sulfurous 
acid; it is .somewhat less soluble in carbon disulfide. The carbon disulfide solution of 
selenium reacts with metallic mercury and dark gray mercury sclenide precipitates. 
By heating red selenium with hot w.ater for some time, it is changed into dark gray 
ysclcnium, and is then insoluble in carbon disulfide. This is the most stable form, 
and all other modifications change into it. 

On being heatcil in the air, selenium burns with a bluish flame (giving off an odor 

similar to that of rotten radishes), forming white, crystalline selenium dioxide, ScOj, 

which will sublime on being heateil in a .stream of oxygen. Selenium forms one oxide 

SeOj, and two acids: selenious acid, H:SeO,, and selenic acid, HiSeO^. The vapors 

of selenium dioxide .are vellow. 

% 

When selenium is heated in hydrogen, gaseous hydrogen sclenide, HjSe, is formed 
which behaves like hydrogen sulfide in its reactions. 

Selenious acid, IlcSeOj, is obtained in the form of long, colorless needles by oxi- 
dizing .selenium with nitric acid, concentrated sulfuric acid or aqua regia,* or by dis- 
solving its anhydride, SeOj, in water. Unlike sulfurous acid, it is not changed on 
standing in the air into selenic acid; but, on the contrarj’, is reduced by dust, etc., to 
red selenium. The acid is diba.«ic, and forms salts in which either one or both of 
the hydrogen atoms are replaced by metal. 

The acid salts are all soluble in water, but all the neutral salts are insoluble with 
the exception of those of the alkalies. 


• If a solution of selenium in aqua regia is evaporated, considerable selenium is 
lost by volatilization; the addition of KCI or NaCl to the solution lessens such loss. 
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Selenic acid. HjSeO,. is obtained in solution by conducting chlorine into water 
which contains eitlier suspended selenium or dissolved selcnious acid; 

Se + 3 Cli + 4 H;0 — Il 'SeOi + ti llCl 

Sodium seleuate is obtained by fusing selenium with sodium carbonate and potas- 
sium nitrate. Selenic acid is a dibiisie acid and behaves similarly to a peroMde, 
evolving chlorine when boiled with concentrated hydrochloric acid, being reduced to 

selenious acid: ^ ^ j 

Noyes and Bray remove selenium as SeBr, together witli .XsBr, and GeBr, at the 
beginning of a qualitative analysis by using IIBr as a s<.lvent togetlier with bromine. 
Tliis furnishes a means of separating selenium from tellurium as well as from other 

clciDGnts* 

The electrical conductivity of gray .-elcnium is very low at room tciupcrat ure or iii 
the dark, but exposure to light or increiL-^e in temperature causes a marked lowering ol 
the resistance. The action of the selenium plmtoeleetiic cell .l<‘|)eiid.s on thus proptuty 
the sensitivity being .so great that under proper eomlitions the liglit from a star will 
produce au appreciable effect. Selenium is used in the in u>tr\ to j)i<n uce 

ruby-red glass, in fireprooling electric cables, in the rubl^er iiulu-stry, and to sonic 
extent in steel making. Selenious acid has become an im|)oitant clienucal leagcnt . 
a small quantity of scleniou.s acid greatly accelerates tlie dotructmn of *.rganic 
matter with sulfuric acid prior to the Kjcldahl doterminalmii of mtiogcii. 


(u) SeleauHiS Aciil 

l{eitciions in the If et IT uy 

A solution of either potas.sium selenite or of free selenious acid should be u.-^od. 

1. H.S produces a lemon-yellow preciidUite, consi.Minfi of selenium 
and sulfur, from solutions in water or in dilute hydroelilonc acid: 

H,Se 03 + 2 n..S 3 -|- Se + 2 S 

The precipitate is reddi.sh yellow when formed in liot solution.-^. It i.s 

soluble in ammonium .sulfide. . , . , 

2. BaCb precipitates from neutral solutions white Imrmm selenite. 

BaSeOa, soluble in dilute* acids. . 

3. CuSO, produces a greenish-blue, crystalline precipitate (.dilTerence 

from selenic acid). 

FeSO* immediately precipitates selenium from r-oneenf ruled solutions 
of selenious acid containing hydroehlorie acid; from di ute ^o n lon.-j » 
precipitation takes place very slowly and ineom[)letc‘ > i min i su vine 

acid is pre.sont. i . • i i 

Hydrazine Hydrochloride precipitates selenium from hot acid and 

alkaline solutioius; the selenium Is red at fii-st and Imally gia> . 

Hydriodic Acid (KI and HCl) preeitiitates red selenium m the culd 

(difference from tellurium). 
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As little as 1 7 of selenium can be detected by the following spot test: 

Place a drop of concentrated HI solution on a piece of white filter paper and add to 
it a drop of the acid solution to be tested. If Se is present a reddish brown spot is 
obtained and the color is not discharged by adding NajSzOj solution. 

Hydroxylamine Hydrochloride precipitates selenium from solutions 
of selenious acid containing sulfuric or hydrochloric acid, on long boil- 
ing; the precipitated selenium is red at first but finally becomes gray 
(difference from tellurium): 

2 NHsOH + H^SeOa Se N2O t + 4 HjO 

SO2 precipitates red selenium on long boiling; eventually the precipi- 
tate turns grayish black. 

SnClj precipitates red selenium even in the presence of considerable 
sulfuric acid. 

Zinc precipitates red selenium from acid solutions: the zinc becomes 
coated with Se and loolcs as if covered with Cu. 

5. Thiourea, CS(Nn2)2, precipitates red Se from cold, dilute solutions. 
Place a little of the jwwdered reagent on filter paper and moisten with a 
drop of the solution to bo tested; if 0.1 7 of selenium is present an 
orange-red spot will appear. Nitrates and larger quantities of copper 
interfere. Tellurium and bismuth give yellow precipitates. 

(6) Selenic Acid 
Rcdctiofis in the Wet Way 

A solution of potasi^ium sclcuato should be used, 

1. HjS causes no precipitation unless the solution is boiled with hy- 
drochloric acid. In the latter case the selenic acid is reduced first to 
selenious acid and then to .<elenium, which precipitates together with 
free sulfur. 

2. BaClo gives a white precipitate of barium selenate, BaSe04, insol- 
uble in water and in dilute acids, soluble, with evolution of chlorine, on 
being boiled with hydrochloric acid: 

BaSe04 + 4 HCl -> BaCU + H.SeOa + CI2 1 + H^O 

3. CuSOi produces no precipitation. 

METFIOD FOR TESTING SULFURIC ACID FOR SELENIUM* 

.\dil 5 or C drops of tl»e acid to be tested to a freshly prepared solution of a little 
codeine in sulfuric acid; if selenium is present, a green coloration will be apparent. 
The test is a very delicate one. 


• Dragendofff, Chem. Zcntralbi, 1900, 944. 
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Reactions in the Dry Jf 'ay 

All selenium compounds emit the odor of decayed radishes on being 
mixed with sodium carbonate and heated on charcoal before the blow- 
pipe. 

If a selenium compound h; heated at the end of a thread of asbestos 
in the upper reducing flame of the Bunsen I)urner, it will be reduced to 
selenium; and if a test tube filled with water is held above the flame, a 
red coating of selenium will be deposited upon the glass.* If a few drops 
of concentrated sulfuric acid t nrc placed in a larger test tube (large 
enough to hold the smaller test tube) and the tube on which the selenium 
is deposited is emptied and placed within the larger tulie, the selenium 
will dissolve t in the sulfuric acid, forming a green solution; hut on the 
addition of water, red selenium will be repreeipitated (difference from 

tellurium): 

SeSOs + H20 — » Se + H -SOi 

Groen 


Tellurium, Te. At. Wt. 127.61, At. No. 62 

Density 0.1-0. 4. M. P. 452^. H. P. 1300 

Occurrence. —Tellurium is u rarer element than selenium, ubvay.s oreurriiip in the 
form' of a telluride,§ and u.sujilly combined witli the noble metals: ealnverite, 
(Au,Ag)Te,: krennerile/(Au,AK/re,: sylvanite. n lelhuide of .Xgaml Au; iiagyaKife. 
a complex mineral cotituining Pb, .tii, Sl>, S and le; <-oh)nidoi(e, Hgle, silver 
telluride, Ag,Te; and often in small aim.unts in galena and copper ore.«. Km- 
monaite of Cripple Creek, Colorado, i.s a ferric tellurite with 70.71 per rent 
TeOj and 22.70 per cent FcjOj. 

Properttec. — Tellurium itself is a bhii.sh white, brittle substance, which can be 
distilled in a stream of hydrogen. It is stable in the air and in boiling water. It 
burnfi in tlic air with a hluisli naino, foriiiiriK fiOluiinin (lioxidc, loO.*. It i^ 

insoluble in carbon disulfide and in bydroeblori.- a.-id but can be oxi.iized l.y means 
of nitric acid to tollurous acid- On U-ing fuse«l with potas.'.ium eyanuie, out of ron- 
tact with the air, it is chonged to pola'«ium t«-Iluri<le, 

2 KCN +Te - K.Te + (CX):T 

which diiwolves in water, forming a cherry-red stdiilioii. If air is eondueted thmiigli 
this solution, the tellurium is pre«-ipitated in the form of a l.laek powiler (dilTeremr 

from selenium): ^ 

2 KjTc + 2 II;0 -b Oi -» 4 KOI I + 2 Te 


• Cf. page 78. , 

tTho sulfuric acid should lie freed from water by beating m a jilatmum erueii.le 
to a tempcrulure juat Iwlow the boiling point, and the erueii.le witli its eontents 

allowed to cool in a desiccator. 

t Slowly in the cold, readily on warming. 

J These tellurides are sometimes regarded as tellurium alloyed with metal. 
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Tellurium may be separated from seiemum by means of this last reaction. Fuse 
the two metals with potassium cyanide, extract the melt with water, and precipitate 
the tellurium by passing a current of air through the solution; precipitate the se- 
lenium from the filtrate by acidifying with hydrochloric acid. Tellurium forms two 
oxides: TeOiandTeOa. 

Tellurium gets its name from the Latin word tdlus — earth. It was discovered 
by Reichenstein in 1782. It is used to some extent in ceramics and has been em- 
ployed in steel making. 

Tellurium dioxide (the anhydride of tellurous acid) is usually obtained in the 
form of a white mass, which melts on gentle heating, forming a yellow liquid. Tel- 
lurium dioxide docs not sublime (difference from selenium). It is scarcely soluble 
at all in water, is slightly soluble in ammonia and in dilute acids, but readily soluble 
in concentrated acids or in caustic potash solutions. TeO- dissolves in fairly con- 
centrated sulfuric acid, forming the basic sulfate, Te:0» • SO«, while with nitric acid 
it forms the basic nitrate, Te:Oj(OH)NOj. Both these compounds are hydrolyzed 
readily, forming insoluble tellurous acid, which, in turn, loses water and forma the 
anhydride. 

On dissolving TeO. in caustic potash, potassium tellurite, KjTeOj, is obtained. 
Onhj ihc alkali (cllurites arc soluble in imter. 

Tellurium trioxide (telluric anhydride) is formed by heating telluric acid. It is 
11 yellow powder, insoluble in water and nitric acids, scarcely affected by boiling 
with concentrated hydrochloric acid, but readily dissolved by boiling with a concen- 
trated solution of potassium hydroxide (but not by sodium hydroxide), forming 
potassium tcllurate. 

Telluric acid, HjTeO«*2HiO, is a very weak acid, obtained by oxidizing tel- 
lurous acid with chromic acid, and precipitating the telluric acid by the addition of 
concentrated nitric acid. The acid forms a colorless, crystalline mass, is readily 
soluble in water, and is converted by concentrated hydrochloric acid into tellurous 
acid, with evolution of chlorine. Telluric acid dissolves readily in caustic potash (or 
soda) solution, forming the readily soluble alkali tcllurate, which reacts strongly 
alkaline in aqueous solution. 

By gently heating the hydrated telluric acid, the anhydrous acid, HjTeO^, is 
obtained in the form of a white powder which is totally different from the hydrated 
acid. The latter is soluble in water and in camstic alkalies, and is completely reduced 
by boiling with concentrated hydrochloric acid; but the anhydrous acid is insoluble 
in water and in concentrated sodium hydroxide solution, and is only very slightly 
attacked by boiling, concentrated hydrochloric acid, although readily soluble in 
warm potassium hydroxide solution. 

Only the alkali tcllurates are soluble in water; the others are usually obtained in 
the form of amorphous precipitates soluble in acids. 


(a) Tellurous Acid 

Reactions in the JT'et Way 
solution of potassium tellurite, KjTeO*, should be used. 

1. H-jS precipitates from acid solutions brown TeSo, which is readily 
soluble in ammonium sulfide. The precipitate decomposes easily into 
tellurium and sulfur. 
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2. Reducing Agents. 

FeS 04 reduces neither tcllurous nor telluric acids (difference from 
selenium). 

Hydrazine Hydrochloride precipitates black tellurium from buth acid 
and ammoniacal solutions: 

N 2 H 4 • 2 HCl + TeOa"" -> 3 H 2 O + N 2 T + Te + 2 CP 

Hydroxylamine Hydrochloride produces no precipitate in solutions of 
tellurous acid containing mineral acids, but precipitates tellurium com- 
pletely by boiling the ammoniacal solutions for a long time. 

2 NH 2 OH + TcOz~~ -h 2 H+ -> 4 H 2 O + N 2 O t + Te 

Hydriodic Acid (KI and HCl) produces no pi-ecipitation. but merely 
a reddish brown coloration that turns light yellow on boiling (ilifFerence 
from selenium). 

Hypophosphorous Acid precipitates t(‘llurium from l)oth telluritt's and 
tellurates. 

H3PO3 precipitates the tellurium only from eoneenlrated .'^olutiotis, 

not at all from cold dilute .-solutions. 

SO 2 precipitates tellurium completely from lUlulc hydrochloric acid 
solutions in the form of a black powder, even in the pivseiur of tartaric 
acid; but from a solution containing consulcrable liydnn-litoric acid no 
tellurium is precipitated ev<'n on lioiling (dilTcrcnce Irom selenium). 
The separation of the sc'lenium from telluritnn can be accompli-'hcd in 
hydrochloric acid, density I.IH. 

SnCbor Zn causes black t< llurinm to precipitate frojn solutions whn h 
are not too acid. Alkali slannite solutions precipitate tellurinin Irom 

both tellurous and telluric aci<! solutions. 

Zinc (orFe, Sb, Sn, Cd, Ilg, Pb. Cn.etc.) precipitates black tellurium. 

3. Disodium Phosphate and Barium Chloride give white precipitates. 

4. HCl i)rocluces a white pna-lpitale of lljl<'<b. 

5. Magnesium Chloride reag<‘nf gives a white, amorphous pnnpitate 
of magnesium tellurite. (Willi .seleiiious aeitl a crystalline preciiiilate 

of magne-sium selenite ks formed.) 

(5) Telttiric . irif! 
nettriions in f/o' »<‘t 
A solution of potau.sium tcllurute ."flKajld lx* 

1. HCl cau.se.s no preciiiilation ; but if tlie solution is boiled chlorine 
evolved, and on dilution with water tellurous aci.l is pre. ipitated. 

2 . H^S a.id reducing agents have the .-ame elTc.-t upon hot -s.. utimis 
of tellurates tm upon tellurit<‘s; in the cold, no ]>iecipitat< is oiimt 
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(heavy metals can be separated from tellurium by hydrogen sulfide in 
the cold). 

3. Hydrazine Hydrochloride precipitates all the tellurium as a black 
powder by long boiling of the acid or alkaline solution: 

3(N2H4-2HCl)-l-2TeOr'~»8H20 + 2H+ + 6Cr + 3N2T + 2Te 

4. Lead Salts precipitate difficultly soluble lead tellurate. 


Reactions in the Dry Way 

Metallic tellurium is formed by heating any telluride in the upper 
reducing flame, and can be collected on the lower surface of a test tube, 
which is filled with water, in the form of a black film, soluble in con- 
centrated sulfuric acid. The latter solution is of a carmine-red color 
(difference from selenium); on the addition of water black tellurium 
is deposited: 

TeSOs + H 2 O Te + H 2 SO 4 

C&rmio^ red 

Germanium, Ge. At. Wt. 72.60, At. No, 32 

Density 5.35. M. P. 916® in air, 958® in hydrogen; changes to GeO at 1250® 

Occurrence. — Germanium was discovered by Clemens Winkler in 1886 in a min- 
eral mimed argyroditc, 1 .\g:S • GeSj, first studied by Welsbach in 1885. Winkler 
analyzed the mineral and succeeded in proring that it contained, besides silver and 
sulfur, about 6-7 per cent of a new element, the properties of which had been pre- 
dicted as cIrt-.s-i7fcon by Mendelcjcff in his periodic classification of the elements. 
The element is found in a South African mineral called germanite but is most com- 
monly obtained from the distillation residues obtained in the roasting of the zinc 
snlfidc ores of Missouri and Wisconsin, although the ores themselves contain only 
alxmt O.Ol per cent of germanium. 

ProiHTiies. — Gcrmaniuiu belongs in the fourth group of the periodic classification 
lying lietwecn silicon and tin. Its oxide, GeOj, forms with cold water a dilute colloidal 
holution which, on In’ing heated, forms a true solution of slightly acid reaction, from 
which fact the existence of germanic acid, IIjGeOj, can be assumed. Like stannic 
hydroxide, it b amphoteric ami forms salts with both acids and bases. 

Cuin{>ou7ids . — Germanium sulfide, GeS-, is a white, soft powder which can be 
obtained by passing hyiirogen sulfide into the aqueous solution of the oxide. The 
sulfide is apprcoiably soluble in water and dissolves readily in alkali hydroxide or 
alkaline sulfide solutions. Germanium fluoride, GeFi, is known as its hydrate, 
GeF* • 3 IIjO, which exists in hygro.scopic cry.stals and as salts of HsGeF*. Ger- 
tnanium chloride, Ge(’I», is a liquid boiling at 7.5°, of density 1.87; it hydrolyzes 
slowly when in contact with water. Germanium bromide, GeBr,, b colorless and 
boils at ISO®. Germanium iodide. Gel,, b a red powder which melts at 144®. Ger- 
manous chloride, GeGl-, is a colorless liquid which fumes in the air and colors a 
cork stopper red. Its solution in hydrochloric acid is a strong reducing agent. 
Germanium chloroform, GcTlCh, is obtained by pas.«ing HCl gas over gently heated, 
powdered gennaiiium. It is a liquid which boils at 75® and has a density of 1.93. 
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It hydrolyzes with water to form GefOHlj: 

Ge + 3 HCl -* Ge HCU + Hj t 
GeHCU + 2 HjO ^ GefOH), + 3 HC! 

In Noyes and Bray’s Qualilalive Analysis for the Rare Elemenis, the first solvent 
used is hydrobromic acid. About 1 g of solid is boiled with 10 ml of 9 A HBr for 
ten minutes, taking pains to pass the distillate into 5 ml of saturated Hr* solution. 
Then the distillate and the Brj solution are poured back itito tlie lla.<k and the liquid 
is boiled until it is reduced to 3 ml. Under these conditions, practically all arsenic, 
selenium, and germanium are removed as .\sBr3, SeBr4, and (ieBri. The distillate Ls 
collected in 5 ml of saturated bromine water which is cooled by ice water. 

To the distillate, molar Na-SiOi solution is ad<lcd till the excess Brs is ulmtist l)ut 
not quite removed, and the selenium is procipifuled as red N* by boiling wifii 1 nil of 
3-molar hydroxylamine hydrochloride solution, Nll.OlI • IK’I. 

After the removal of the Se by filtration, the arsenic and germanium are precipitate.1 
as sulfides by means of HjS. The .sulfide precijiitate is dissolved in G-ls ml of i> .\ 
NH4OH in a platinum or Bakelite dish and two-thirds as imich of 2i .\ 111’ is added. 
Then, on introducing H^S again, a yellow precipitate of arsenic sulfide is obtained. 
The presence of hydrofluoric acid conveits the germanium into Il.tiel's and the 
GeF»‘” ion is so stable that it does not react with ILS although GeS, can lie formed 

from solutions containing other mineral acids. 

After the arsenic has l>een removed by filtration of the sulfide, the next step is to 
remove all fluoride by evaporating to fumes after a»ldiiig 10 ml «>f is A 
Then by adding 25 ml of water and saturating witli II u white i.ieeipiiate of GeS, 
will form if any germanium is present. 

The best confirmatory test for germanium consists in dis-olving tlie (■(■>. precipi- 
tate in a platinum crucible with a little 3 .V N11.<»11. evaporating to dnne-^ and 
heating with HF which forms H^Gel-V If the .miIuIioh i- not clear it .-l.uuld be 
filtered from deposited sulfur, u-sing a Bakelite funnel, aiel evaporated jn.-i to diyno.s 
to remove any silicon. Then by adding 10 drop.s of HI'. 10 diops of li A K.CO, 
solution, and 1 ml of water and heating to boiling, a vi>eous-appe;ii ing. gi a,' i>h " hi*' , 
translucent precipitate of K2GeF* will be obtained. 

3GeS2 -bO NILOn (GeOj)-' -f 2 [GeSd" + 0 MG' d* ‘GO 

GeS, -h 0 HF ll.GcF. + 2 11 S I 

Germanium is likely to be mistaken for urMude in the Mar.-h ii-.'' p loG. 


GOLD, Au. At. Wt. 197.2, At. No. 79 
Density 10..33. M. !’• 10i>3 


Occurrence. —Gold usually occurs native in quartz and in river samh; id. so as 
tclluride of gold in svivanite, (AuAg^-Tcj, and in nagyagite. a mn.pi.-x m.n< nd con- 
taining I»b, Au, Te, S and Sb, and i.s found in .small nmoimls in many \<s ni.' and ot her 

Bulfido ores. 


ouiauc ores. 

The element gold was known in prehbtorie ages (liefore 1000 nc ) aii<l pr<.bal> \ 
«we»iu, name to the Sanskrit jV«f = to shine. About l.alftheg-ld nmied t, eom.-s 
from fkjuth Africa, and ul«.ut one-quarter from the Gi.iled •'Stales, |•ll..l o. I'Gl 


wmn Alnca, and ulxjut one-quarter irom me » 

tkc value of a Troy ounce of gold was set at Sl>or.7. and thisMiv.<i a.« a. standard lor 

monetary values for many yearn. In 102H tlie value of tlie gold was about 

♦Wl.OOO.OOO. Gold U of yellow color when pure and melts \M(h<.ut being oxidi/ed. 
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It is not tarnished by wator or hydrogen sulfide and is not dissolved by the acids of 
the laboratory when acting alone. For this reason gold has been called a noble melal. 
Gold is the most ductile of all metals, and may be hammered into exceedingly thin 
leaves, which arc transparent, with a bluish green color. 

Properties. — Commercial gold is usually alloyed with copper, with silver, or with 
both metals. Pure gold is designated as 24-carat gold or 1000/1000 fine. Fourteen- 
carat gold contains 14 parts of gold to 10 parts of other metal and IS-carat gold con- 
tains 18 parts of gold and 6 parts of alloy; the former, therefore, contains 58.3 per 
cent and the latter 75 per cent of pure gold. 

The proper solvent for gold is aqua regia, but it is also soluble in bromine and 
chlorine water, forming a trihalogen compound: 

2 Au + 2 HNO3 -1- 6 HCl 4 HoO + 2 NO t -f 2 AuClj 

2 Au -1- 3 Bri -» 2 AuBrj 

Gold is not attacked by mineral acids. It is dissolved by potassium cyanide solu- 
tion in contact with the oxygen of air. Gold forms two oxides: aurous oxide, AujO; 
and auric oxide, AujOj. 

Both of these are exceedingly unstable; on gentle ignition they lose oxygen and are 
changed to metal (a property common to all “ noble ” metals). 

/\II gold salts are unstable; even the most stable salt of all, the chloride, AuGt, 
is changed by gentle ignition into yellowish white aurous chloride, AuCl: 

AuCl, -* AuCl + Clj T 

On stronger ignition the third atom of chlorine is lost, and the yellow metal itself 
is left behind. 

Soils. — .\urous chloride, .\uCI, is insoluble in water, but on being boiled with 
wafer for some time, or more slowly in the cold, it is changed to auric chloride with 
{loi)n.siti<m of metal: 

3 AuCl -» AuClj -h 2 Au 

The solution obtained by dissolving gold in aqua regia always contains auric 
chloride, so that only the reactions of auric compounds arc of interest to the analytical 
chemist, .\uric chloride unites with hydrochloric acid, forming chlorauric acid, 

AuCU -I- HCl -+ HlAuCl,] 
which yields beautifully crystalline salts. 

From an aqueous solution containing very little e.xcess HCl, .\uClj can be extracted 
by shaking with ether or ^Yith ethyl acetate. The latter reagent is preferable if it 
is desired to dissolve out both .\uClj and HgCl:. By shaking the ethyl acetate 
extract with 3-norinal NUiCl, nearly all the HgCU and very little of the AuCl* can 
be made to pass into the aqueous lay’er; in this way gold and mercury can be sepa- 
rated from platinum metals and from one another. 

Auric salts are mostly yellow and readily soluble in water. The sulfide is black 
and soluble only in aqua regia. 


Renctions in the Wet Way 

1. Alkali Hydroxide produces in concentrated solutions a reddish 
brown voluminous precipitate of auric hydroxide, soluble in an excess of 
the reagent: 

AuCir + 3 OH- -> Au(OH)3 + 4 CT 
Au(OH)3 -b OH" 2 H2O + [AiiOsl' 
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If the bright yellow solution of potassium aiirate is carefully acidified 
with nitric acid, a precipitate of reddish brown aui ic acid is thrown down, 
which is soluble in nitric acid, hut is reprecipitated, for the most part, 
by diluting and boiling. 

As a rule, potassium hydroxide yields no precipitate in solutions of 
gold chloride, because the gold solution is usually so dilute that the 
amount of alkali added is sufficient to form the aurate at once. 

2. Ammonia throws down a yellowish mixture of golil iminochloride, 
Au(NH)Cl, and gold iminoamide, Au{NH)XH-.., 

AuCh + 3 NH3 ^ 2 NIhCI + Au(NH)Cl 
AuCb + 5 NHa — 3 NII4CI + Au(NH)NH, 

which cxplode.s in a dry condition on warming or by concussion (ful- 
minating gold*). 

The moat important reactions for the detection of gold are (hose irhich 
depend upon the extreme readiness icith which the auric compounds are 
reduced. Auric compounds are strong oxidizing agents. 

3. Arsine and Stibine precipitate gold completely: 

2 Au-H-*- + A-sHa + 3 H/) IIjAsO:, + 0 11+ d- 2 Au 


4. Benzidine, CiJIiofNII.,),., is oxidized by trivalent gold salts to 
form a blue dye.stu'ff (cf. p. 113). This test is very delicate and has 
been obtained with 0.02 y of gold. Place a <lro|) of tlw solution to lu- 
tested and a drop of 0.05 per cent solution of Ixmzidine in 10 i>er ctnil 
acetic acid upon filter i)U|K‘r; a bliu* colorati<ni is olitaine<l if gohl is 
pre.sont. 

5. p-Dimethylaminobenzylidinerhodanine gives a red-\ iolet precipi- 
tate. Silver, rnereury, and palladium salts must b(‘ absent jis tli(‘y also 
form colored compounds with this reagent. 

Moisten u piece of filter paper willi u .siituratcil solution of 


n N — CO 

as ,C=CH<^ 

in alcohol and dry. Upon the dry paper pliu'e u drop <»f the neutral or sliKhtly 
acid solution to l)e teKte<l. If 0.1 y of ^<>1*1 «« pre.sent u violet spot or ring will l)y 

obtained. 


0. Ferrous Sulfate and Oxalic Acid both [rreeipit ate gold from iKMilral 
solutions even at room temperature (difTerence from platinum): 

HAuf:U + 3 Fe++-> 3 Fe+++ + 11+ + 4 (T + Au 
2 IIAuCb + 3 II,C ,04 8 H+ + 8 ( T + tl C '< ) ■ T + 2 Au 

* liaachig, Ann. Chem. Pfiarrn., 236, Ti.'i (ISSG). 
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7. Formic Acid precipitates gold from hot HAuCU solution: 

2 HAuCU + 3 HCO 2 H ^ 3 CO 2 T + 8 HCH- 2 Au 

Mercury, platinum, and palladium are also completely precipitated 
by this reagent and to some extent iridium, rhodium, and silver. These 
metals constitute the Gold Group in the analytical scheme of Noyes 
and Bray. 

8. Hydrogen Peroxide* in alkaline solution immediately precipitates 
tlie gold as finely divided metal: 

2 Au+++ + 3 HsOa + 6 OH' ^ 6 HjO + 3 O 2 T + 2 Au 

Tlie precipitated metal appears brownish black by reflected light, but 
bluisli green by transmitted light; 0.03 mg gold in 10 ml of liquid suffices 
to give a reddish coloration with a bluish shimmer. 

9. Hydrogen Sulfide precipitates, in the cold, black gold disulfide 
from gold solutions: 

2 + 3 HjS — > G H"*" + S -1- AU 2 S 2 

Gold disulfide is in.solublc in acids; but is readily soluble in aqua 
regia, forming auric chloride, AuCU. 

Tl»e disulfide is difficultly soluble in ammonium sulfide, but more readily soluble 
in potassium polysulfide, forming a thio-salt: 

AujSj -t* KjSj 2 KAuSj 

From this solution hydrochloric acid precipitates a yellowish brown sulfide: 

2 KAuS; + 2 -* 2 K* + ILS + AujSjf?) 

From a hot solution, hydrogen sulfide precipitates brown, metallic gold: 

8 + 3 ILS + 12 H»0 30 + 3 SO,” + S Au 

The finely divided metallic gold is soluble in hot potassium or sodium polysulfide, 
fonning a thio-salt: 

2 Au 4- K:S4 — * 2 K.VuS; 

10. Potassium Iodide added to a dilute, alkaline solution causes 
procipitalion of gold. This test is recommended by Noyes and Bray: 

2 Au-^ + 6 I" 3 I 2 + 2 Au 

11. Stannous Chloride causes the following reaction to take placeif 

2 Au-^ + 3 Sn++ 3 Sn++-*-*- + 2 Au 

If the solution tested is strongly acid with hydrochloric acid, the precipitate is 
j)ure gold and has the characteristic dark brown color of the finely divided metal. 


• Vanino and Seemann, Her., 1899, 19GS. 
t Theodor Dbring, C/um. Zetilralbl., 1900, I, p. 735. 
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In very dilute weakly acid solutions the so-called purple of Cassius is thro'^Ti down. 

which consists of colloidal gold and tin hydroxide. , ■ • 

Purple of Cassias is soluble in uminonia and in dilute caustic potash solution, 
forming reddish liquids. These solutions when cold remain clear for a long tune 
and can even be boiled without decomposition. -A: the .solution is concentrated a 
flocculent precipitate is formed which will dis.solve on the addition of more amnmina 
The brown coloration can be distinctly seen if 0.3 mg gold is dissolved m 100 ml 
of the solution; if less than 0.3 mg of gold is present, only a yellowish coloration is 

obtained. 

12. Sulfurous Acid reduces gold solutions; 

2 Au-*-^ -t- 3 S02 + C HoO -> 12 II-*- + 3 S 04 '' + 2 Au 

13. Zinc. — The following gold test is very sensitive;! To a few drops 
of a dilute gold solution add ti few drops of arsenic acid, two or t in-e 
drops of ferric chloride .solution, and two to three drojis of liydrochloric 
acid. Dilute the mixture to 100 ml, and dn.p in a piece of zinc. Around 
the zinc the solution a.ssumes a purple eoUir, which, hy moving tlie zinc 
in the solution, is dis.seminatcd llirougli it. making it appeal piim oi 
purple. If the .solution contains 0.03 mg of gold, within fifteen nnniites 

a beautiful reddish color will Ijc noticed. ... .t 

Besides the above reagents many others, sueli a.^; formaldehyde m the 
presence of alkali, hydrazine suUate, ele., are i-ai)ahle ol reducing gold 

from its solutions. 


DETECTION OF GOI.D IN -\l.l-OVS .\ND ORES 


On 

used for 
and silver 
prove 
paper, 



by »c,rincati„„ and ca,Kji,ai.„.. M-n b f, 10 K '.f I'- •""f'-o”;'' 
in some ciwes) with 120 g of pure lend in u lint dish of infu.si m so . 

<ll.b), in a muffle with acc,»« of air. Tire eopia-r and a l.ull of tin lr.,d 


* ZftigmoiuJy, Ann. Chem. Phnrm., 301,301 MWfH). 
t Pfiarm. Chem. Zcnlralbl., 27, 'S2\. 
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dized, and the oxide unites with the silica of the dish to form a readily fusible slag, 
which eventually covers the unaffected lead and the dissolved silver and gold. This 
operation is known as scorification. When this point is reached, pour the molten 
mass into an iron scorification pan, previously well chalked. As soon as the mass 
becomes cool, remove it from the pan, and hammer the slag from the enclosed lead 
button and weigh the latter. Then put it on a cupel (a sort of crucible made of bone 
ash), of about the same weight as the lead button or a little heavier. Place the cupel 
in the muffle and again heat with ready access of air. The lead melts and is oxidized; 
the resulting lead oxide melts at 980“ C and is partly absorbed by the porous cupel 
and partly volatilized, leaving a kernel of silver and gold behind. Flatten the metallic 
kernel to foil and treat it with 6-oormal nitric acid, which dissolves the silver, leaving 
the gold, usually in the form of powder. Filter off the gold, drj’, and melt it, as above 
described, upon the charcoal stick. If the alloy of gold and silver (obtained after 
cupellation) contains three parts of silver to one part of gold, the gold remains after 
separation uith nitric acid as a thin, coherent, broftuish mass which becomes hard 
on igniting, with the characteristic gold color. If the proportion of silver to gold is 
greater than 3 : 1, the separation by means of nitric acid will be complete and the gold 
will be left as a powder. If the ratio of silver to gold is less than 3 : 1, the separa- 
tion by means of nitric acid is incomplete, and the gold residue usually appears 
yellow, and still contains some silver. In this case, add more silver with 1 g of 
lead and subject the mixture once more to cupellation, when the subsequent sepa- 
rat ion by means of nitric acid will be complete. 

In order to detect verj' small amounts of gold in ores, a similar procedure is used. 

If a muffle furnace is not available, the more tedious wet process must be used. 
For example, if it is desired to detect the presence of gold in pj’rites, roast a large 
amount of the ore in the air until all the sulfur has been burned off, then treat with 
bromine water, and allow to stand twelve hours. Filter the solution (which now con- 
tains all the gold as auric bromide), and boil off the e.xcess of bromine. .Add ferrous 
sulfate and a little sulfuric acid, boil the solution again, and filter tlirough a small 
niter. Wash the residue on the filter, dry, and then melt it on the charcoal stick. 

By tlie above methods a fractional part of a milligram of gold can be detected with 
certainty. 

Reactions in the Dry Way 

AH compounds of gold, when heated with soda on the charcoal stick, 
yi(‘ld a malleable, metallic button, soluble only in aqua regia. The so- 
hilioit in the latter reagent should be evaporated, the residue dissolved 
in water and tested with stannous chloride, hydrogen peroxide, zinc, or 
potas.dum iodide. 



THE PLATINUM METALS 

PLATINUM, PALL.A.DIUM, RHODIU^I, OSMIUM, 
RUTHENIUM, AND IRIDIUM 


Platinum, Pt. At. Wt. 196.23, At. No. 78 

Density 21.5* M- P« 1771 


Occurrence. - Platinum U found free in nature, usually accompanied by the other 

so-called platinum meUils. . , 1 1 .1 ... ,v,.j 

P,opcTlies. - The element platinum, u hich U much more valuable ^ “ 

discovered by Scaliger in 1558. It c)>ves its name to the ^ ^ i jjviJeil 

silver. It is a grayish white metal which apiicars gra\is i > at ' u' [...rdotied hv 
state (platinum black). When pure it is .softer than -Iver. - >t ‘ ;> 

other metals, particularly iridium. It is somewhat Ic.-* u< ic Tiic finolv 

Platinum sponge is formed by the ignition of ainmoinum chh.roplatina . 

divided forms of platinum, platinum blac-k. and platinum sponge, have a marked 

catalytic effect upon numeroiLS reactions such lu. the Vl? 

process for making sulfuric acid from SOs and oxygen, oxu a ion o a < ^ . 

other organic compounds, union of hydrogen with ehlnrine. etc. 1 lie 

ordinarily attacked by mineral acids; it dissolves m ^^"^entrated sulfuric 

acid, HilPtCUl (not platinum chloride. PK-l,). »> ‘’‘"'“‘k 

acid in platinum dishes 10 ml of acid will di.-wolve .J.H mg o p a inuii a 

If the platinum is alloyed with sufficient silver, it dissolves in mt nc . h 

brown solution. Like tin. platinum forni.s two ox.de.s: platinum monoxide. I tO, 

and platinum dioxide, PtOi. . ... ..f fi,., ,.,,rro- 

ComjMJunda. — Both oxidc.s may be obtained by the eaie ii ign ^ ^ contlc 

spending hydroxides. They are exceedingly un.stalde. being 

ignition in^ metal and oxygen; all the remaining platinum eompounds bclKue 

Th^most important of the platinum compounds are the widdrut' d^^ 

platinum in aqua regia, ehloroplalinic acid is ulwu>.s o ) aine , 
and tetrachlorides may be derived; the.<e unite with hydrochlonc aud to form 

complex acids: 

PtCl« + 2 HCl -» H^lPtClsl (Chlornplatinic acid — orange-red crystals) 

PtCl, + 2 HCl -* H,[PtCM (Chloroplatinousacid — known on y m so u ion 

The aqueous solution of chloroplat inic acid is yellowish orange , “j ^ * 
platinous acid, containing the same quantity of platinum, l.^ ' . t i 1 ,^ water- 

The potassi;.m and ammonium salUs of chlnroplatmous -acid are 

the corresponding salts of chloroplatinic acid are diffirulll\ 
iiwoluble in 76 per cent alcohol. 
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Reactions in the Wet Way 

A solution of chloroplatinic acid should be used for these reactions. 

1. Alkali Iodides give a brownish red coloration due to the formation 
of the less ionized [Ptie] • 

[Ptci(]-' + 6 r -> iPtie]" + 6 cr 

2. Ammonium and Potassium Chlorides produce in concentrated 
solutions yellow precipitates (cf. pp. 281 and 291): 

[PtCUr* + 2 K+ -» K^lPtCUl: [PtClef + 2 

This reaction is used to separate platinum and iridium from gold, palladium, and 
rhodium. To determine whether any yellow KiPtCU or black KjIrCU is present in 
a reddish precipitate produced by NH«C1, treat the precipitate with 10 m! of con- 
centrated HCl and 0.5 ml of concentrated HNOa for fifteen minutes at 90“, adding a 
little more IINOj from time to time. Evaporate on the steam bath until no acid 
smell is apparent; add 5 ml of water and 2 ml of molar NaHCOj solution. Heat on 
the steam bath five minutes and add more NaHCOj if the solution is not alkaline to 
litmus. Cool somewhat; add 1 ml of bromine water and a little more bicarbonate. 
Heat ten minutes on the steam bath. The NaBrO formed will cause the precipita- 
tion of the iridium as black IrOj. Filter, make acid with HCl, evaporate to dryness, 
and repeat the test w ith NH«C1, to see if any platinum is present. 

3. Carbon Monoxide, on being passed into a solution of chloropla- 
tinic acid containing sodium acetate, colors the solution a beautiful red 
owing to the formation of colloidal platinum (difference from palladium). 
After standing some time all the platinum is precipitated as a black 
powder and the supernatant liquid is colorless: 

H2[PtClf,]+2C0+6CoH30r+2Ho0->6 Cr + 6HC2H302-|-2C02T+Pt 

4. Ferrous Salts do not reduce chloroplatinic acid in the presence of 
acids (difference from gold), but cause precipitation of all the platinum 
(on \Yarming) in a .solution which has been neutralized with sodium car- 
bonate: 

[PtCld" + bCOr+ lFo-^-l- 6H:0-^6C0:t + 6Cr + 4Fe(OH)3-b Pt 

5. Formaldehyde in alkaline solutions precipitates the platinum as 
extremely finely divided platinum black: 

HjPtCU] -b IICHO + 6 OH" CO: T + 6 cr -b 5 HaO + Pt 

The precipitate may be washed with alkali salt solutions, but with pure 
water a black colloidal solution of platinum is formed. 

0. Formic Acid precipitates from neutral, boiling solutions all the 
platinum in t!ic form of a black powder: 

H:[PtCl6] + 2 HCO:H 6 HCl + 2 CO. t + Pt 

Formic acid 
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An acid solution must be neutralized with sodium carbonate l>efore 
making this test. 

7. Glycerol and Sodium Hydroxide reduce chloroplatinic acid on 
warming, with the separation of black, pulverulent metal: 

C8H6(0H)3+3[PtCl6rH-160H'->18CrH-C03“+Co0r+12Ho0 + 3Pt 


8. Hydrazine Hydrochloride, N2H4 ■ 2 HCl, readily reduces chloro- 
platinic acid in ammoniacal solutions; some of the platinum is depo>itetl 
as a mirror upon the sides of the vessel containing the solution: 

(NH4)2lPtCl6l + ■ 2 HCH- G NH 3 8 NII^Cl + N, T + Pt 

9. Hydrogen Sulfide precipitates dark brown platinum disulfide ver\' 
slowly in the cold, but quickly on warming: 

HjfPtCU] + 2 H^S 0 IICl + PtS, 


Platinum sulfide is insoluble in mint'ral acids, but readily soluble m 
aqua regia. It is difficultly soluble in alkali mouusulfide solutions, biit 
more readily soluble in alkali poiysuifides, forming a Ihio-salt, winch is 
decomposable by acids, with preci[)itation of platinum sulfid<‘. 

10. Oxalic Acid does not precipitate i»bitiuum. llydroxytamiiie in 
acid solution and in sodium hydroxide solution, acetylene, and hydro- 
gen peroxide also fail to precipitate platinum {diOeri'iice fiom gold). 

11. Stannous Chloride reduces cliloroplatinie acid to cliloruplatinous 

acid; the solution ijocomes tlee]) red. 

[PtCIo]"" + Sn++-»Sn+++^- 4- 2 CV + [Pt<’bl 

12. Zinc, cadmium, magnesium, or aluminum reduces chloroplatinic 
acid to metal: 

HdPtClol + 3 Zn 3 ZiiCI, -b 114+ Pt 

The precipitated metal is in such a finely divide.! eon.lilion that if 
tends to run through the filter, especially on being washiMl with pure 
water; by washing with salt solution a clear filtrate cun be obtained. 


Heactiofifi in l^ry tf 

All platinum compounds, when heated with soda on ehunoal, ar< 11 - 
duced to the gray, spongy metal, wliieli tL'^.sumes a melalhe luster on 
being rubbed with a pestle in an agate mortar. It can l.c distingm.'- H'.l 
from gold by its color, and from lead, tin, and silver by its infnsibihty 

and insolubility. 
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Separation of Gold from Platinum 

Precipitate tbe platinum from a concentrated solution with a solu- 
tion of ammonium chloride; filter, and treat the solution with ferrous 
sulfate to precipitate the gold. 

According to Noyes and Bray, the separation of gold from platinum is best effected 
as follows: Evaporate the aqua regia solution to a volume less than 1 ml but take 
care not to overheat the residue. Add 12 ml of water, boil, and filter if necessarj . 
Add 1 drop of 6 AT HCl and shake vigorously with 10 ml of pure ethyl acetate in 
a separatory funnel. Draw off the aqueous layer and shake it with a fresh portion 
of ethyl acetate. Practically all the gold chloride will dissolve in the organic sol- 
vent and none of the platinum. Evaporato the combined ethyl acetate extracts 
to dryness in a porcelain dish on a steam bath and heat to barely visible redness. 
Cool, add 1 ml of 12 AT HCl and a few drops of concentrated HNOj. Evaporate 
nearly to dryness, add 5 ml of water and 2 ml of 6 N NaOH, and heat to boiling. 
Finely divided gold will be precipitated and a purple color is evident with 0.2 mg of 
Au. Take the aqueous solution from the ethyl acetate extraction, evaporate nearly to 
dryness, add 1 ml of water, and again evaporate on the water bath until the residue 
does not smell acid. Add 2 drops of 6 N HCl, not more than 1 ml of water, and 
powdered NILCl until no more will dissolve on stirring or shaking. Cool in ice 
water. If O.y mg of Pt is present a noticeable precipitate of KjPtCU will be obtained. 


PALLADIUM, Pd. At Wt. 106.7, At. No. 46 
Density 11.8. M. P. 15o0“. B. P. 2200® 


Occurrence. — The platinum metals form an isodimorphous group, 
but only in the ca.<o of palladium are both forms known — the isometric 


and the hexagonal: 

(a) Isometric System. 
Platinum (Pt, Fc). 

Iridium (Ir, Pt). 
Platinum-iridium (Pt, Ir, Rh). 
Palladium (Pd, Pt, Ir). 


(b) Hexagonal System. 
Iridosmium (Sysijerskitc) (Ir, Os). 
Osmiridiuin (Ncwjanskite) (Ir, Os, 
Pt, Hh, Ru) or (Os, Ir, Rh). 
Palladium (Pd, Pt, Ir). 


Palladium is always pro.>^ent in platinum oix's. 


Properties. — Rolled, hammered, or cast palladium possesses an almost silver-white 
color, but when precipitated from solutions it is in the form of a black powder. It 
softens at temperatures considerably below the melting point and can be welded 
easily. If it is suspended in water when in the finely divided form, it is transparent 
with a reddish color. Palladium has the lowest melting point of all the platinum 
metals. On being heated in llie air, it appears bluish, owing to the formation of 
PdjO; the latter, however, is decomposed by stronger heating. Palladium is grouped 
with ruthenium and rhodium in the periodic table (p. 87) and is, therefore, considered 
a platinum metal, but in its reaction toward acid it is very different. Much of the 
“ platinum ” in dental alloys is palladium. 

Finely divided palhulium has the very characteristic property of being able to 
absorb ulmo.*‘t 700 times its own volume of hydrogen, and po.ssesscs consequently 
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a very strong catalytic action. If liydrogen and oxygen (air) are ctuiducted at tlie 
same time over some gently ignited, finely divided, metallic |)al!adium, the hydrogen 
is burnt to water, and in the same way carlion monoxide may l>e changed to carbon 
dioxide. Methane, however, is decomposed only by igniting the palladium more 
strongly, so that this gives us a method for separating methane from a mixture of 
H» and CO (cf. Vol. 2, Gas Analy.sis). 

Colloidal palladium preparations show marked eatal\'tic effects. Thus, b\ passing 
hydrogen gas into solutions of unsatuiated organic comjxiunds, a direct reduction 
(hydrogenation) often takes place if a little colloidal [lalladium i.-^ p^c^ent. 

Palladium form.s two oxides, both of which posses.s ba>ic properties: PdO aiui 
PdO,. From the former the palladou.<. and from the latter the palladic. c-omixuinds 
are derived. The palladous compound.-^ arc much more stable than the paihulic 
compounds, and the latter con.stantly exhibit the teixlency to cluingo into tin- fui mrr. 

Behavior toicard Acids. — .Vithough the other platinum metals aie attacked by im* 
acid except aqua regia, palladium is dissolved slowly by hot nitric acid lalso in the 
cold when it is alloyed with other metals such as Cu, .\g, etc.), foimiiig a biouii 
eolution of Pd(NOj)j. 

Finely divided, precipitated palladium is .soluble in hydrocldonc acid uhen ex- 
posed to the action of air at the .same lime, and Ic>.s readily .-..bible in sulfiinc a. id 
It is readily attacked by fusing with p.>tassiuin pyroMilfale, formitig .soluble iialladiuin 
Kulfate, PdSO«. 

The best solvent for palladium is aqua regia. 

By dL«.solviiig finely divide«l palladium iii hy.lro.hloric acid, palla.Ious clilondc 
is formed; or, better, by dissolving the metal in aijua regia, in wliich case a nuxtoie 
of paUadou.s and palludie chlorides is at first obtained. If tins solution however, is 
evaporated to dryiic.ss, palladic chloride loses chlorine and is coinpiefclv changed into 
palludoits cliloridOp so thut on treat llic wiMi \vati*i a n f)a at on 

cliloride is obtained. Since pullailic clilorido dof'iinii>o>c<l ruiuyU ivh’ by evapora- 
boil, it is evident thut pallailic chloride cannot exist in hot solutions. 

(a) Palliulous Compounds 

lU'actUms i« llu‘ Bel If «.v 
Use a solution of palladous i-hloride, IMf’L. 

1. Acetylene i>r(!cipit!itcs pnlhulnii.'i accl wliidi i-'- in 

ammonia, potas.siuin evanido, anil soilintn bisnlfiln 

2. Dimethylglyoxime givo.s a y.’ilow picciiiitato i-asily 

ammonia or pola.ssinin cyanido solution; llu’ pn-cipitate i-' on \ s ig i \ 
f<olul>l(* in 50 per cent alcohol and dilute achls. dohl and platinnin in- 
terfere OH their salts are reduced to metal, l.nl the other |>Iatuinni tm tals 

do not interfere. . 

By this r<‘ttction Pd can he piecipitaled in O.S-O.D-noi mal IK in I u 

prcHCMice of Pt which remains in solnlion. 

3. Hg(CN), pro.lw<-o« a y.-ll.nvisi, whilo of 

palladous cyanide, PdCCN)?, diflicullly soluble in IK 'I, ll•adlly .soinbh- ni 
KCN and NHa. On being ignited, the spongy metal remains. 
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The following spot test is said to permit the detection of 0.05 7 of palladium. To 
prevent interference of gold and platinum, the paUadium is Bret precipitoted as 

yellow Pd(CN)j. , -j 1 *• 

Upon a piece of filter paper, place a drop of saturated mercunc cyamde solution, 

a drop of the solution to be tested, and then another drop of mercuric cyanide solu- 
tion. The palladium will be precipiUted in the center of the spot while Au and Pt 
are farther off, and, by means of a drop of water can be washed away entirely. If 
now a drop of stannous chloride solution is added, a dark orange or gold-yellow colora- 
tion will appear in the center if palladium is present. 

4. HI or KI produces a black precipitate of palladous iodide, Pdls, 
even in very dilute solutions. The precipitate is insoluble in water, alco- 
hol, ether, and HI, but soluble in KI and NH3 to a reddish-brown solution. 

5. H 2 S precipitates black palladous sulfide from acid and neutral 
solutions. The precipitate, PdS, is insoluble in ammonium sulfide, 
but soluble in boiling hydrochloric acid, or more readily in aqua regia. 

Palladous sulfide is soluble in potassium thiocarbonate solution and 
is not reprecipitated by means of carbon dioxide. (Lead sulfide does 
not dissolve in pota-ssium thiocarbonate, and mercurj- sulfide is repre- 
cipitated by carbon dioxide.) 

6. KCl, when added to a concentrated solution, causes the precipita- 
tion of difficultly soluble, reddish brown K2[PdCl4j. 

7. KCNS gives no precipitate with palladium solutions (difference 

from copper). 

8. KNOo gives a yellow, crj-st^lline precipitate in solutions which 
arc not too dilute. 

9. KOH or NaOH pn-cijiitates a brown basic salt, soluble in an excess 
of tlie reagent. If the solution is acidified with HCl, then KOH pro- 
duces no precipitate (diffirencc from platinum). The precipitation of 
brown basic salt is complete by boiling a solution which has been neu- 
tralized with NallCOs to = G. 

10. Na^COs produces a brown precipitate of palladous hydroxide, 
Pd(OH) 2 , soluble in excess but repreeipitated on boiling. 

11. NHiCl. — If a sohition of palladous chloride or of sodium chloro- 
palladitc is treated with ammonium chloride and evaporated to dryness 
on the water bath, the residue is soluble in a very little water. If the 
.solution is acidified with nitric acid, gradually all the palladium is pre- 
cipitated as red (NhDdPdCL] (difference from platinum). 

12. NH4OH gives a flesh-colored precipitate of [Pd(NH3)2Cl2]n*, sol- 
uble in an excess of ammonia, forming a colorless solution, containing 
totramminepalladous chloride, [Pd(NH3)4]Cl2, from which yellow crys- 

• This compound is an isomer of dichlorodiamminepalladium, and is sometimes 
written thus: PdCb • Pd(NIIj)4Cli. 
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talline dichlorodiamminepalladium, Pd(NH3)jCl2, precipitated on the 
addition of hydrochloric acid. The latter compound i> difficu t > 
soluble in dilute hydrochloric acid and is used for the preparation of pure 
palladium. 

In a solution of palladous nitrate, ammonia causes no precipitation, 
but forms colorless tetramminepalladous nitrate, [PdCXIlOiKNOa):-. 

13. a-Nitroso-^-naphthol (a saturated solution m oO per cent acetic 
acid) gives a voluminous, brown precipitate of Pd(Ci,HeN 02)2 even in 

the most dilute solutions (difference from platinum). ^ ^ 

14. Reducing Agents. — H«S 03 , HCOOH, Zn, le, lesO^, Cu^ 
alcohol, and COt reduce palladium .salts to the metal it^elf. 

In the presence of HCl, stannous chloride form.s at first a red, then 
a brown, and finally a green, .solution; but in the ah>ence o t u .un , 
SnCb causes a partial reduction to the metal and tl.e .solution turns 
green. Shaking with silver or mercury causes the precipitation ot 

metallic palladium. 

(6) Paltadic Cornpouiifh 

These give the same reactions a.s pidIa<lous compoiuu!'-, on .niount 
of being readily changed into lh<‘m. '1 he ino'-t cinuat i« li'lc 
is baaed upon the insolubility of the ammonium >nlt ol rhlon.palla.lic 
acid. If a concentrated, cold solution of palla.loiis chlondr is .[.alo n 
with chlorine water and then treated with aimnoiimm cliloiidc, a uU 
crystalline precipitate of (Nn4)di"d^'>Gl 

RcactiiynH in thr />r> M <ty 

All palladium compounds am dneomposnd o.. Insviiij; l.. l.ind 

the metal, which is soluble in nitric aci<l or in a<|ua n*iria, aiu t a >o u i 
thus obtained can be tc.sted by the above reartioii.--. 

RHODIUM, Rh. At. Wt. 102.91, At. No. 45 
Density 12.5. M- 1’. ul><»'ii 

ProperlUa. — Rhodium, which tuke.s its iminc fioin tin- <.ni k 
dwcovered by Wollaston in 1H()4. It [>u.s.se,'sc.s the color imd lo' ' 

* In the presence of considerable NaCl or IICI there js no r<diit li 

t Pdcu + CO + ruo ^ 2 HCl + CO, t + pd. This 
t«ct email amounts of CO in gus inixUiras, f.g., m the air. 1 1 

led through a narrow glatw tube into 10 ml of u .'^ohit ion \s ‘ | 

PdCU and 2 drops of dilute HCl. If CO .s pre.sent. bhu k I'd will 

the solution will become decolorized little t»y little. (I "Onn ‘n' > ^ 

'•eru/., 126, Q38.) If too much HCl is pro.sent the reduelion will not tn I- 

NaCjHjOi is added. 
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is more infusible than platinum, and melts at about 1985°; on cooling, the hot metal 
sputters and appears bluish, owing to oxidation. The solubility of rhodium depends 
entirely upon the fineness of the material; a platinum rhodium alloy is harder and 
more durable than pure platinum. 

When precipitated from a solution of its chloride, by means of formic acid or other 
reducing agents at a temperature not exceeding 100°, it e.xists in an extremely finely 
divided state (rhodium black) and dissolves leadily in boiling, concentrated sulfuric 
acid, or more readily in aqua regia. If, however, the finely divided metal is ignited 
strongly, it becomes (like the compact metal) almost insoluble in aqua regia. 

The solution in aqua regia contains RhCU which, like CrCU, exists in two modifica- 
tions of greatly different solubility. 

If rhodium is alloyed with laige amounts of other metals (Pb, Zn, Bi, Cu, etc.), 
it is left in a finely divided condition after treatment of the alloy with acids, and is 
consequently soluble in aqua regia, ^^'hen it is alloyed with much platinum or palla- 
dium a considerable amount of rhodium will dissolve in aqua regia; but when it is 
alloyed with a little platinum, most of the rhodium and a part of the platinum remain 
undissolved. 

On being fused with potassium pyrosulfate, potassium rhodium sulfate is formed, 
which dissolves in water, forming a yellow solution, but becomes red on the addition 
of HCl. 

Rhodium forms three oxides: rhodous oxide, RhO; rhodic oxide, Rh,Oj; and 
rhodium peroxide, RhO-; all possessing well-defined basic natures. The sesquioxidc, 
RhjOj, alone* forms a series of salts in which the rhodium is in the anion, of which 
sodium chlororhodite is the most important for the analytical chemist; when in this 
form it LS easiest to bring rhodium into solution. This salt is prepared by mixing 
the finely divided metal very intimately with twice os much dry sodium chloride, 
placing it in a porcelain boat, and gently igniting it in a current of moist chlorine gas. 
The salt thus formed has the composition Naj(RhCU] and is soluble in water (45 parts 
of water dissolve 1 part of the salt). From this solution large, dark red, glistening 
triclinic prisms of NajlHhCUl • 9 11*0 can be crystallized out. 


Reactions in the Vet Vay 

Use a solution of sodium chlororhodite, XajlRhCU]. 

1. H2S precipitates (very slowly in the cold, but much more quickly 
on warming) black rhodium sulfide, RhsSj or Rh(SH)3, insoluble in 
(NH4)2S, soluble in strong nitric acid, bromine, or aqua regia. Alkali 

inonosulfide added in excess precipitates rhodium alkali sulfide, decom- 
posable by water. 

2. EOH and NaOH produce at first no precipitate; but after standing 
some time a yellow precipitate of rhodium hydroxide, Rh(0H)rH20, 
separates out. The precipitate is soluble in an excess of the reagent, 
but it is reprecipitated on boiling in the form of brownish black 
Rh(OH)3. 


* A sodium rhodium sulfite of the formula 4 RhSO, • 6 NajSO, • 9 H-O was pr^ 
pareJ by Bunsen. 
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In a solution of pota.sj?ium rhodium sulfate, KOH precipitates the 
yellow compound imm(‘diately. 

On adding KOH to a solution of rhodium chloride, at first no precipi- 
tate is produced; but on the addition of a little alcohol brownish l)lack 
rhodium hydroxide is deposited. 

3. KNOo, on being warmed with .sodium rhodium chloride solu- 
tion, causes the precipitation of difficultly soluble, orange-yellow 
Iv3[Rh(N02)6), soluble in HCl. 


If NaNOj is used, soluble NaaRhfNOjlc is formed which doc-< net react with dilute 
NftOH solution. Iridium behaves similarly, and in this way rlmdium and iruhum 
cun be separated from the copper group. 

U the solution of NasRh(NOdc and NajIrCNOd^. is evaporated t.> drynes.^ wuh 
hydrochloric acid, avoiding too higli a temperature, these complex nitrites are decom- 
po.sed and NajIrCh and NasRhCb arc formed. If tliese are heated wit h a dilute .solu- 
tion of sodium carbonate, .soluble NalrO; (.so.liiim irhlite) and insoluble, light-yell.. » 
Uh(OH)4 are formed; tlien on adding a little liquid Br. an.l more .-.odium earimnate, 
bluish black IrOj and green RhO, are prceipituUMl. The precipitated IrO. and IlhO, 
cun be dissolved in a little 9 A' Illb- which lias a strong rclming action, and l.y ovu]>- 
orating the resulting solution with IICI and UNO. Ihc iridium and rhodium arc 
obtained as HzIrCU and H,IlhCh. To make sure that all the Ir i.s qiia.lri valent if is 
well to add HCl, evaporate again, and treat with HCl and Ch- Tlien on adding 
considerable solid NII4CI, u blark preoipitale of (Nn4':lrCb. uill be while 

the rhodium stays in solution as red (Nll.VdUifT. B> filtering and evapon.iitig 
with concentrated NTI.OII, tlie rhodium i.^ convert e«l info >ell..w .•li!..iopcntamiiiiiie- 
rhodium chloride, [RhCUNH,)Jf’l:, somewliat .-..-luble in liot (i .\ iK'l but preripi- 
lulod us a yellow, cry.stalline p.nvder on cooling, fl'lu- above pr.icedine i> ex<vll.-nt 
for detecting Uh and Ir in the presence of one another.) 

4 . NH.OH produces (in concnitrated solutions and after standing 
some time) a yellow preei[)itatc of ehloropenfanitninerhodiuin dn liloi i<U’, 

[HhCI(NH 3 ) 5 ici.., in.soluble in cold hydroehloric acid. 

5. Reducing Agents. — Formic a<-id, in the prc.scnce ol aininonuiiii 

acetate, precipitates the black metal, as docs zinc in tlic piv.-icn.c of 
acids. Ilydroxylamine sulfate lia-s no effect {diOVreiK-e from gold). 
Shaking with gold or mercury does not eau.'^e i)reei|iita(ion of metallic 
rhodium (difference from gold, platinum, un<l palla<lium). 


Rvartiori!* hi the Dry If.iy 

All rhodium compounds are re^liK'cd to mefa! on bciitg hcat< d in a 
stream of hydrogen, or by heating on clmn-oal with soilium carbonate 
before the blowpipe. The metal is ea.^ily rci-ognized by its in.-rdiibihty 
in aqua regia, its being brought into solution by fii.-^mg witli pota.s.sium 
pyrosulfate and then treating with water, by the formatton of the brown 
hydroxide when KOH and a little alcohol are added to the solution thu.s 
obtained, and especially by the rose-red solution obtained by dissoKang 
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in water the product obtained by fusion with sodium chloride in an 
atmosphere of chlorine gas (see p. 528). 

OSMIUM, Os. At. Wt. 191.6, At No. 76 
Deosity 21.3-22.48. M. P. 2700“. B. P. > 5300“ 

Osmium and ruthenium are distinguished from the other platinum metals by their 
forming volatile oxides. 

Properties. — Osmium, the heaviest of all metals, is compact and possesses a 
bluish white color very similar to zinc. It can be melted by heating in an electric 
furnace.* Very finely divided osmium is oxidized by the airf at ordinary tempera- 
tures, and at about 400® C it ignites and burns rapidly to OSO 4 , which is volatile at 
100® C. The denser the metal the higher the temperature necessary to effect the 
oxidation. Osmium was discovered by Tennant in 1803; its name is derived from 
the Greek word osme = odor. 

Behavior toicard Acids. — In the compact condition, osmium is insoluble in all 
acids; but in the finely divided state (as obtained by treating its zinc alloy with 
nitric acid), it is soluble in nitric acid, more soluble in aqua regia, and most soluble in 
fuming nitric acid, forming osmium tetroxide, which can be separated from the solu- 
tion by distillation. 

Compact osmium is brought into solution by fusing with NaOH and either KNO* 
or KCIO3. The melt contains a salt of peroscaic acid (OsO*). 

Osmium forms five oxides: 

OsO Os:0» OsO, 

Osinious oxiih-, jrrayisli black, Osmium tiMquioxide, black Ostnic oxide, black-gray, 

insoluble in ackU insoluble m acide insolublo in ecicb 

[OsOjI OsO, 

Osnuc &c id, known only id Osmium tetroxide, colorless 

derivatives needles soluble in w^ater 

Osmium tetroxide, OsOi, the most important osmium compound in the eyes of the 
analytical chemist, is obtained by' the oxidation of the substance in the air, by dis- 
solving the finely divided metal in fuming nitric acid or in aqua regia, or by fusing 
with NaOH and KNOa or KClOj, treating the melt with nitric acid and distilling. 
Osmium tetroxide is a colorless, crystalline muss which sublimes at a comparatively 
low temperature and melts, forming colorless vapors at 100° C. The vapor has a 
chlorine-like odor, attacks the mucous membrane, and is poisonous. 

The chlorides of osmium can be obtained only in the diy' way; OsCU, OsCb, 
OsCU are known. The potassium salt of the hj-pothetical chlorosmic acid, HjOsCU, 
forms dark-reil octahedrons, soluble in water and decomposed by boiling the solu- 
tion. By heating finely divided osmium with KCl in a current of chlorine, Ki[OsCI»l 
is formed; it dissolves in cold water, forming a red solution. 

Reactions in the If'et Way 

Use a solution of KdOsCUJ. 

1. Distillation with Acid. — If a solution of osmium chloride or 
lu'oniido is treated witli dilute nitric acid, or perchloric acid, the mixture 


* F. MyUus and H. Dietz. Bcr., 1898, 3187. 
t Cf. Ot. Sulc, Z. ariorg. Clicm., 19, 332. 
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distilled from a small retort, and the vapors received in caustic soda 
solution, the latter will be colored yellow, owing to the formation of 
[OsOi(OH) 2 ]". If this solution is now acidified, osmium tetroxidc Ls 
set free, and can be recognized by its very penetrating odor. On addiiig 
a little sodium thiosulfate to the acid solution and wanning, a brown 

precipitate of osmium sulfide is formed. 

2. HaS precipitates brownish black osmium sulfide, insoluble in am- 
monium sulfide. The precipitate is obtained in both acid and alkaline 
solutions. 

3. Indigo Is decolorized by solutions containing OsOt. Fermus sul- 
fate precipitates black osmium dioxide; stannous chloride ])roduces a 
brown precipitate .soluble in IICl, forming a brown .solution. 

4 . KOH, NH40H, or K.COj precipitate.s reddish brown osmium hy- 
droxide, Os (OH) 4. 

5. Reducing Agents. — If the solution of tlu' (•hl()!id<‘ is trcat('il with 
tannic acid and ahrohol and a little hydrorlilorie aciil is addeil. it is 
colored dark l)luo, owing to the formation of osmium dielilorid<‘, k. 
KI reduces octavalcnt osmium to tlie <iua<lrivalent stati' wiili libi ratinn 

of iodine; the .solution is colored a deep reddi.-li pur|)l<'. 

6. NaaOa. — Fusion with Na^O: converts Os into Xat)-Oi which 
dissolves in water giving an orange-y<'lluw >olutioii. H th'' '"lulion is 
made acid and heated, no volatile ( ).''Oi eseap<‘s il the i)recaut ion i- taken 
to add some alcohol to ke<-p tlie osmium in the icduied cniidilion, llie 
alcohol changes the color from orange-yeIl<jw to niau\c. 


Roactions of Osinititn Triroxitif 


sraium tetroxide melts when luJdcd to l.oiliii« water im.l .li,— .Ives >l'-wly. I lie 
lion Ls colorle.s.s, docs not react aei.l, tail lias .m ONplea'aiit . i la- t'unes o| 
i are very poinoiious ami icillamiiinhoji uf iIm* • 

I 


Osmium 
Bolutiot 

O8O4 are very poiKonotw .mvi 

1. FeS04 precipitates Ijluck osmium dioxide. 

2 . Indigo Solution is deeolorized. 

3 . HjS at first c<>lors tht? solution clark blown; on a.l.linji m u .1 i .11 
precipiuto of osmium tctro-siiltide, U-s-S., is ..Uained wlu.li i- m.-'-l'ible m alkali 

hydroxide, carlxmate, or sullide. |- 1 • 

4 . KOH added in exce-s.s to tlie coinentnited solution eoka- it \i ou. 1 1 ii'- 
tilkaline solution is Ixiiled 

teristic) and the romaindt. - 

upon long boiling osmium tetroxidc, o.sinie l»y 

formed from it. , , 

5 . KNO, forms red crystuLs of potus.sium osmiate. I li<- 'ame iom|ioiiiii can i 

''*‘‘j»ined by reducing osmium tetroxide solution with alcohol. 

i.j,, j„ n.i.l solutions. If ml "f 

■ I ...... 


, or hUMJde. i • i 

I exce.s.s to the comentmted solution e..loi^ it ullou. 1 tins 

died, the greatia- part of the tetroxide di.-'d.- --H ' ' 

inder decomposes into oxygen and |.ola'onii. o'lm >t.', K - .. 

liuin tetroxide, asiuie hydroxide, and li>' 


0. Potassium Iodide reduce.s osmium tetroxide in n«-id solutions^ - n* 

1 per cent iiotussium iodide solution and 20 drops of eoiKci.uaied sii rune un.l are 
mixed with 1 drop of osmium salt solution, a green .solution of i-s oblaineU. 

the colored eonipouud cun lx* Hliakeii out vvitli ether. 
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7. SnCL gives a brown precipitate which dissolves in hydrochloric acid to form a 
brown solution. 

8. SO3 reduces osmium tetroxide. As the reduction proceeds, the color changes 
to yellow, reddish browTi, green, and finally to indigo blue. 

9. Zinc, and other metals, in the presence of acid causes precipitation of mptAllift 
osmium. 


Reactions in the Dry Way 

All osmium compounds are reduced to metal on being heated in a 
stream of hydrogen. 

Ruthenium, Ru. At. Wt 101.7, At Wo. 44 

Density 12.26, crystallized; 11.0, fused. M. P. 2450° B. P. 2700° 

Properties. — Ruthenium can be obtained in the form of a dark gray or black 
powder, and in the form of bright porous sticks; it is brittle, can be powdered, and 
is melted in the oxyhydrogeu flame. It was discovered by Claus in 1845 and is 
named after Huthenia = Russia. 

On being melted, a part of the ruthenium is oxidized to ruthenium tetroxide, a 
volatile substance having a penetrating odor similar to that of OsO^. The molten 
metal spurts on cooling. 

Behavior touard Acids. — Ruthenium is practically insoluble in all acids, even 

aqua regia. By fusing with KOH and KNOj (or KCIO3) it is oxidized to potassium 
ruthenate, K2[RuOd- 

On heating with KCl in a current of chlorine, soluble K,[RuCl«I is formed. The 
greenish black melt dissolved in water gives an orange-yellow solution which colors 
the human skin black. Cradually on standing, or immediately on boiling, a black, 
voluminous colloidal precipitate forms (sensitive reaction). Ruthenium is imaffected 
by fusion with potassium pyrosulfute. 

It fonns the following oxides: 

RuO, Ru; 03 , RuO., IRuOj], (Ru-ai, RuO, 

The most impoi-t.ant of the oxides is RuO,. It is formetl: 

{a) By roa.sting the metal itself, or its oxide, above 1000° C (osmium forms the 
volatile tetroxide at 400'" C). 

(b) Bj fusing the met il with KOH and KNOj in a silver crucible, dissolving the 
melt in water, saturating the cold solution with chlorine gas, and distilling the solu- 
tion from a small retort: 

K.RuO* 4- Cl, — 2 KCl -{- RuO« 

(c) By treating the solution of potassium ruthenate with KOH and Cl, and subse- 
quently distilling. 

(d) By distilling pota.ssium ruthenate with KCIO, and HCl. 

By disHUing a dilute solution after the addition of nitric acid, no RuO^ be eivlved * 

(difference from osmium). If, however, the solution is evaporated with perchloric 
acid to fumes, RuO* is volatilized. 


• In the presence of concontnitod nitric acid, however, RuO* is formed: 
2 K,RuO* -1- 4 UNO, - 4 KNO3 + Ru(OH)* + RuO* f 
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Ruthenium tetroxide forms gold-yellow, glistening, orthorhombic needles that arc 
volatile and emit a characteristic odor; it boils at 100' C and is only slightly .soluble 
in water. It is changed by the addition of alcohol and HCl into ruthenium trichloride, 
RuCU (or sesquichloride, RusCU). If the solution of the latter salt is made am- 
moniacal, treated with sodium thiosulfate, and warmed, an intense reddish violet 
coloration will be produced. (This is a very sensitive and characteristic reaction.) 

On treating a solution of potassium rutheniate with nitric acid, black Ru(OH)3 U 
precipitated; it dissolves in hydrochloric acid, forming a yellow to brown solutioti of 
IluCI,. 

Rcrtcfion.s in the Wet ay 


Use a solution of RuClj. 

1. H.S produces no precipitation at first, but after some time tin' 
solution Ijt'coincs azure-blue, ainl brown ruthenium sulfide i.s procipitateil 
(very son.sitivc and cliaraeteristic). 

2. Hydroxylamine reduces ruthenium tt'trachloride to ruthenium 

trichloride (difference from platinum). 

3. KCNS, in the absence of other platinum mctal.-^, produces •gradu- 
ally a red, tlion a purple, and on warminj? a vioU't, I’oloiation (v<‘ry 
characteristic). 

4. KI precipitates a blaek iodide; the reaction is aidc<I l)y heating. 

5. KOHandNaOH precipitate black ruthenium hydro.xide, Hu (OH);,. 

soluble in acids but in.'<oluble in alkali('s. 

G. (NH 4 ),S precipitates tlie brownisli black sulfide, difiicultly soluble 

in an exc(^ss of the reagent. 

If a ruthenium .solution is made slightly alkaline with .■sodium cai- 
honate and is boiled a sliort time with potassium nitrite, i lien, altci cool- 
ing, a little ammonium sulfide will give a heautiful, carmine-red .■olor 
wliieii eventually turns to brown. Moii' ammonium sulfide^ givc's a 
brown precipitate. Tlie red color i.s caused by [Hu(N().;)d anion.'.. 

7. Zinc at first colors the .solution of tla; clilori.le azure blue, Iml sut- 
soquently the solution is deeolorized and nithcninin ilself is jneci])!- 
tated. Shaking with gold or mercury dees not cause precipitation of 
nietallic ruthenium (difTerence from gold, platinum, and palladium). 


Iridium, Ir. 

Density 22 A. 


At. Wt. 193.1, At. No. 77 

M. B. P. -isixr 


f^roperlies. — When produced by the igni1i<.n of aioinoiunin .Idonridatc. 
fN’MpjIrCU, iridium i.s obtuincd in the form of :i gray, .spongy ma.'S. very difiicultly 
Mubic in uquji regia. AfU*r being f^lrongly ignited, it i.< almost comid.ldy in- 
soluble in aqua regia. 

The metal, although brittle. Is nimilar to platinum. It wu.s dis.-overed l.y I cnnanl 
in 1803 and get« its name from the Latin irin = rainbow. lri<hum i.s allovcl u.ih 
platinum for making weigbl.s, fountain-pen p<unl.s, etc. 
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It is more soluble in aqua regia after it has beeo precipitated from solutions in a very 
finely divided form by means of formic acid, or when it is alloyed with other metals 
(Au, Pt). The metal is unaffected by fusing with potassium pjTosulfate (difference 
from rhodium). It is oxidized by fusing with NaOH and KNOj in a silver crucible, 
but the compound formed (IriOa combined with sodium) is only partly soluble in 
water. If the melt is treated Tilth aqua regia, however, a dark red solution of 
NaallrClj] will be obtained. 

By heating the metal Tvith NaCl in a current of chlorine, Naj(IrCl«) is readily 
obtained which forms with water a reddish brown solution. 

Iridium forms the folloiving oxides: 

IrjOs? IrO; and the hydroxide Ir(OH)4 

BluUh black Needles ^nth a Indigo-blue 

metallic luster powder 


The dark color of the chlorides is very characteristic: 

IrCU* 

Dark green and brown 


IrQ, 

Black 


Reactions in the Wet Way 

Use a .solution of NajlIrCU)- 

1. HjS at first decolorizes the solution, otring to the reduction of the 
tetrachloride to the trichloride, accompanied by the deposition of sulfur; 
subsequently brown Ir^Sj is precipitated, readily soluble in (NH^-S. 

Iridium is tlie hardest of all the platinum metals to precipitate with 
hydrogen sulfide. It precipitates more readily from hydrochloric acid 
solutions tlian from perchloric acid solutions. 

2. Chlorine. — If chlorine is conducted into a dilute solution of iridium tetra- 
clilorido, the latter hccomc-s reddish Tiolet according to W. Palmaer;t after some time 
tlip red color di-appears and the solution turns brown. The same red color has been 
oliscrved l)y I'ocrstcrJ at an iridium anode in sulfuric acid, .\ccording to Palmaer, 
the red color is due to the formation of an iridium compound baTing a higher valence 
than four. 

3. KCl precii)itates brownish black potassium chloriridate, KaflrCU], 
insoluble in KCl and in alcohol, difficultly soluble in water. 

4. NaOH, oil being added to the solution, changes the color from dark 
red to green; on warming the solution it is at fii^t colored reddish and 
finally azure blue: 

2 IrCb + 2 NaOH 2 IrCb + NaCl + HoO + NaOCl 


• According to W. Palm.aer, Z. anorg. Chem., 10, 322-326 (1895), IrCU and its 
double salt« C-xist in two mollifications: dark green and brown, 
t Z. anorg Chem., 10, 358 (1895). 
t Z Eketrochem., 10, 715. 
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If the solution is now acidified with HCl, a little alcohol* added and 
then some KCl, there will be no precipitation, because the KjlIrCU] 
formed is readily soluble in water and in KCl solution (difference from 

If sodium hypochlorite or hypobromite is added to tlie alkaline solu- 
tion, blue IrOa is formed. 

5. NH^Cl precipitates dark red ammonium chlonndate,(Ml4)dtrLlc], 

insoluble in a saturated solution of 1. , . , , 

If a solution of potassium or ammonium salt of IldrClo m hot ^^atl‘r 
is treated with potassium nitrite, the olive-Kreen pota-ssium or ammo- 
nium salt of HsIrCle is obtained; 

KzlrCU + KNOs — KalrCiti + XO-> ] 

On cooling the salt crystallizes. If. however, an excess of 

nitrite is added to the hot green .solution, it turns yellou an.l liiu . . 

white precipitate is formed. • i i .. 

6. Reducing Agents u.sually diange ti.e solution to a . nl 

owing to the roduction of tl.o totnn-ldorid.' to t.n hl.ind.-; or tlw solution 
is decolorized and black, finely divided metal is depositi d. 

TUu. if the solution is wunoed will. KNO. :m ..liv-pocn olorotion ,.n>.iur, .1 : 

IrCI* + KXO: — IrCh + KO + N<k' I 

If the solution is lM>ilcd for some time wdh on of 

and a part of the iridium separatc.s oul m the fo.m ^ ^ 

difficultly R(ilul)le in c.<>U\ liyclruchloric and 

hitf the foUowinK composition: d K3|!r^NO.)f,l • ^ • initunl 

Formic acid aLc reduces .ridmn. imo,npU-,.-lv ^ 

metal is not ca.sily dissolved l.v aqua rc..a. I'll 

or with mercurv docs not reduce the iridmin tn nnt;t oi h.Iuk' the 

Oxalic acid.' ferrous sulfate, stummus .u al ... 

tetrachloride tx, trichloride. Zinc reduces d is 

warmiiiK in the pre-senee of ammoiuuin .uil.m. 

present the reduction takes place le.vs readily. ilKali uives a 

boiling with stannou.s chloride and adding an excess of .auda alhali g 
leuthcr*colorcd precipitate. 


Rracfiottf* Dry If t/y 

, I Ii.xtf |I l•‘m 1)0 oltlHlHf’d l»y 

After fusing with sodium carbonate, the ^rav. 'r ^ 

the action of the upper reducing name. It is mso ' ^ ^ 

in a nickel crucible converts iridium into an ^ixulc* o .« 

in water. The re»iduc dissolves readily in IK I. 


^ The alcohol reduces NaOCl to NaCl. 
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SEPARATION AND DETECTION OF THE SIX PLATINUM METALS 

The separation and detection of ruthenium, rhodium, palladium, osmium, iridium, 
and platinum (elements 44, 45, 46, 76, 77, and 78 in the periodic table) is difficult 
because all these metals belong in Family VIII (cf. p. 87) and have similar propertie&. 
Moreover, the elements are rare and expensive so that it is important to be able to 
detect small quantities. For a long time the work of Sainte-Claire Deville, Debray, 
and Stas* was considered authoritative, and in the early editions of this book, refer- 
ence was also made to the scheme of analysis proposed by Mylius and Dietz.f In 
later editions, the procedure worked out by A. A. Noyes and his students was recom- 
mended. More recently Gilchrist and Wichers,t working at the National Bureau of 
Standards, have developed a simpler procedure which is also more accurate. They 
were able to determine 0.015 to 0.3 g of any or all the members of this group within 
0.3 mg of the truth. The following scheme of analysis is based upon this procedure 
of Gilchrist and Wichers without attempting, however, to give all the details and 
state all the precautions that are necessarj’ for precise, quantitative analysis. 

Nearly all schemes of analysis take advantage of the volatility of OsO^ and RuO^, 
elements 44 and 76 in the periodic table. Osmium tetroxide is volatilized by boiling 
the solution which is strongly acid with HNOj, HNOj and HC10«, or HjSO*. Noyes 



Fio. 18 

recommended distilling off both the oxides from a mixture of HNO, and HCIO^, but 
Ciilehrist and \\ ichors prefer to distil the OsOi off from a solution containing HNOj 
and after the removal of the osnuum add KBrO, and then distil off the RuOj. The 
following procedure is based on the method of Gilchrist and Wichers and should detect 
the presence of 1 mg of any constituent in the presence of as much as 0.2 g of any 
other. It is assumed that not over 0.3 g of all six platinum metals is present. 

Distillation Apparatus. — The 700-ml flask .1 shown in Fig. 18 is provided with a 
ground-glass stopper with three openings, carrying (1) a tulje through which air can 
l)C introduced into the flask during the distillation, (2) a dropping funnel through 


* Proccs vcrixiux dti comilc intern, dcs poids cl mesures, 1S77-9. 
t Bcr., 1898, 3187. 

t J. Chon. Soc., 67, 2565 (1035). 
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which solution can be introduced i.do the flask, and (3) an exit tube winch provide, 
connection with the three 300-nil Erlenmeyer flasks. B, (\ and D. Eacli of tho.e three 
flasks is provided with a gr.)mid-glass stopper so that the gas evolved from A 
does not come in contact with rubber or ever, stopcock lubricant because if OsO. 
comes in contact with organic matter it is likely to l>e decornpo.ed witli (UpoHtioii of 
OsO,. The joints are sealed with a film of water, between the roce.vcrs / a.uK 
the gas delivery tubing is connected with a dropping uniic = irovit, i '' u‘ » 
NaHCO, solution can be added when necessary. The only part of the appaia a. . 
is greased is the stopcock below thedropping fur.ncl T,. D.mng tl.c d.stillat.on it .. 
well occasionally to flush out with water the tubing below I . to remove any OsO, 

which may have diffused into it. r c v iir-i il.-.f 

1. Removal of Osmium as OsO.. - In tl.o flo.k B. plaoe 1..0 ml ..f .\ IIC I,., 
has been freshly saturated with SO. an.l add .^0-n,l ,a,rt,on.s of the sa.ne 

each of the flu.sks C and D. For qualitative tests ...dy one al.-orl.tn,; da-k ts m es- 
sary. Transfer the solution to lie te-sted to Ute di.-t.lhni! liask " y-; 

sary, to about 100 ml. ThrottKh V. a.I.l K) tnl of l-o A H N >■■ F'";'' ' 

tubing with 10 ml of water. Pass a slow stream of tttr tltrongh tl,e ffl f.. tt- > 

appljduK gentle suction at E. Heat the -solution in .l_jo 1 . 'i r "ull 

Itoiling for an hour. (If the o.sittitim is |iresent as ()-( I. salt tl.j .1- . 

require seven to eight Itottrs to elitninate all the f'<"" . 

0.3 g of the metal Itt tl.al ea.se it is preferat.le to use eoneenlrale,l ; 

little UNO, in plticeof ll.e HI ml of UNO. |.res,uit.ed .da.ve. 1 l.is u . I h 

tlie time required.) Praeliettlly all tlie osniium will >e :i >'or a. tti a ^ . 

B. ThesoPlioti tlmt remains in the distilling flask will contam only Itu, I t, I ,1, 

Kh, and Ir. (See 3.) .. . ^ i ti. ii 

2. Detection of Osmium. — Eur qinilit:«tivc pmpn.scs it ’ ' inii, i, l.. i 

only the contents of the receiver B necl be te-.d. I ? ' ' ; 

beaker, and evaimrato nearly t<. <lrync.s on .he .sP-an-ba h. o h. 

10 ml of 12 N IICI and diges. for fiftcn-n ininu.c.t <.n 

Holution into three portions, ami a|>))ly n>r follovvinjr t imm* i 1.,,.,^,. s.uir„|(* 

(u) Diluteone portion toalamt till) tnl at, d.saitt, ale with 11:^; a datk htou „ snilel, 

precipitate indi(;ateM the prc.scnce of Os. wiifi- 

(6) Evaporate off most of ll.c arid from another port 'hl‘' '' ‘ ^ ^ 

and add some solid thiourea; a deejr ruf,e coh.r .level..ps if tJ-, iM" ' 

“ "rK^,ratc the tlunl portion ju.. to dryness. Ui^^olve .n 3t. I;' 

to bfiiling and neutralize with 10 per rent NaiK l . it ..,n until a ^ I ^ 

or the Holution i.s alkaline to bromopbenol bin.-, w In- h f ni i.-s ,iie 

1. The formation of a reddish brown prcc.p.taU- of l.y.hatetl OM >3 ui.in a-. .^ 

pr«„fO«. „qVM.vferthe.so!uti.m.e.n.u..ingn.lKslv .1. 

after the treatment dr-seribe.t in (U. to a beaker -V-T- ■ 

to dryness oil the steam-bath. .\dd 10 ml of 1-' ; ^ .-Solved. ni.^<..lve the 

IKJut this treutment until <ixides of nitrogen of siilfuiie 

lust residue in 20 ml of water and evaporate ean-fnl > un 1 1* a 

acid are evolved. Cool, carefully a<ld lt> ml of watei , < i<>p" ' ‘ ^ I ,,f 

the sulfuric acid soluti.m to the same fla--;k, . . j„i.. tl.e 

Otiiniuin, If any plutinuui has In.oii ‘ i-n liiiii.rj 

flek. tlitutv thesututiun tu ttH, mt, t.dd n.M JtMtv, vvn. K 
UK ileHcrilx'd under (1) with fresh |><^^llon^ of Ilia • z 
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distUling about 90 minutes, by boiling gently and passing a current of air through 
the solution, add 25 ml more of the bromate solution and distil another hour. During 
the distillation it is best to add occasionally a little saturated, aqueous SO* solution 
through the funnel Ti, which is between the first and second absorption flasks. This 
keeps an excess of SO* in the absorbent. After the 2.5 hours of distilling, it can be 
a.ssumed that all ruthenium has been distilled off as RuO«. Preserve the solution in 
the flask for the Pt, Pd, Rh, and Ir tests. (See 5.) 

4. Detection of Ruthenium. — Transfer the contents of the receiver B, which 
can be assumed to contain most of the ruthenium, to a beaker, and evaporate to a 
moist residue on the steam-bath. Add 10 ml of 12 iV HCl, and digest on the steam- 
bath with the beaker covered for an hour. Add 50 ml of water, and heat to boiling 
to dissolve the residual ruthenium compound. Divide the solution into three por- 
tions, and apply the following tests: 

(а) Make the solution ammoniacal and add some Na*SsOj solution; a reddish 
violet coloration shows the presence of Ru. 

(б) To the solution add some solid thiourea; a greenish or bluish color indicates 

Ru. 

(c) Dilute the solution to 200 ml, heat to boiling, and carefully neutralize with 
10 per cent NallCO* solution until the solution is basic to bromocresol purple. The 
indicator changes from yellow to blue at pu about 6. If Ru is present a dark colored 
precipitate of hydrated RuiOj will form. 

5. Removal of Palladium, Rhodium, and Iridium as Hydrated Dioxides. — Trans- 
fer the contents of flask A, after the treatment described in (3), to a liter beaker, and 
cautiously decompose the residual bromate by adding 12 N HCl. Evaporate the 
solution, and, when the volume is small, make sure that all bromate is decomposed by 
adding more IICl. (Sometimes flask A will be stained with IrO*. This can be 
dissolved in a little aqua regia, but the solution must not be added to the main solu- 
tion until nitroso compounds have been destroyed by evaporating twice with con- 
centrated HCl.) Finally evaporate as far as possible on the steam-bath. Dilute 
with water to 200 ml. 

If the solution at the start was known to contain no osmium or ruthenium, the 
treatment described under (1), (2), (3), (4), and the above paragraph should be 
omitted. In such cases, evaporate the solution with HCl to a moist residue on the 
steam-bath and repeat the evaporation with HCl if any nitric acid has been used in 
preparing the solution. Finally add 2 g of XaCl and 5 ml of 12 N HCl and evaporate 
to dryness. To the residue add 2 ml of 12 N HCl and dilute to 200 ml. 

Heat the solution containing Pt, Pd, Rh, and Ir to boiling and add 20 ml of 10 
per cent NaBrOs solution. Carefully add 10 per cent NaHCOj solution until the 
dark gmen solution sliows e\idence of the formation of a permanent precipitate. 
.At pn 0. all the Uh and Ir and most of the Pd will precipitate as hydrated dioxides. 
At pn bromocresol purple indicator changes from yellow to blue. Test the boiling 
hot solution from time to time as follows: Place a stirring-rod in the solution and 
remove it. Mlow a dmp of 0.01 per cent bromocresol purple solution to run do\vn the 
stirring-rod into the drop of solution which is clinging to the bottom of the rod. 
Enough NallCOj has been added when the drop at the end of the stirring-rod causes 
the indicator to change from yellow to blue. Now’ add 10 ml more of the 10 per 
cent bromate solution and boil five minutes. Increase the Ph to 10 by adding the 
NallCOj solution dropwise until a drop of the solution, tested as described for the 
other inilicator, shows a pitik color with a drop of O.Ol per cent cresol red indicator. 
Then add a final portion of 10 ml of 10 per cent NaBrOj solution and boil fifteen 
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srpaSo- 1= s; 

mTer^^ivfdTtr/ofutio: " p'»r.s, and .es. for p.a.inu,n by reacbons 1, 

' ^‘‘DetTaU^rof Palladiun.. - Dissolve .he precipi.a.ed oxides of pallad.nm, 
rhodium, and iridium by heating with 20 ml of "‘‘..'u „ "ent 

“l^^Irl^hTwdh tr::.er. T'yeuo. ™C.H..N.O., 

and contains To^rhe filtmtrfXn prVeipitato, .a<!d 

8. Detection of Rhodium. — To the nltr oxco.vs 

10 ml of concentrated sulfuric acid ' e Cool, add ahoiit J ml 

of dimethylglyoximc reagent .^' .,re evolved again, t'ontinue 

of concentrated nitric acid, and J evaporate to fumes agaiti, cool, 

this treatment until no more chunin^, re. (xnuo< in order to make 

add cautiously 20 ml of cold water, and ,„,;i the aval In. 

sure that all HNO, is evolved. F.nalK ‘‘f \ ‘ J,, .j,K) ,nl. Heat 

been mixed with an equal volume of ^ * . .,,.^1 . ^ prvoipitatc UIj. When 

to boiling, and add dropwise a 20 per cent bo u ion o ' ^lightlv purple. If 

an excess of TiCl, is present, the supernatant ' 1 ' 

much iridium is present the end point can jc t e filter, and 

precipitation takes place and 

wash with 2.5 per cent sulfuric acid, l -c , r r»,.uliiim in a small precipitate, 

If it is thought necessary to confirm ,lLriWd for 

digest the paper and precipitate with sul „„ ,.l,,,rnng 

the removal of the exccs.s dirnethylglyoxnnt* ^ ^ ■ ■ I evaporate 

with hot. concentrated H:SOo cool, dilute with ->0 .1 o( u.itu, 

to fumes. Cool and repeat the treatment \\U i i s- ,h..dium pierirntation liv 
9. Duigctiun of Iridium. - Cool iim fi .rule 

placing the beaker in crushed ice. ^ oftiianium- liUcr and w:i-sh 

of cupferron in slight exccs.s, to ‘ .t„d ilc-trov the e.xco.-^s 

with 2.6 per cent II, SO.. Evaporate the hlluiU t . u<ldit.on of 

of cupferron by treatment with HNO, a.s J--' ‘ is likely t,> 

H,SO« is unnecessary. After the reinova! o ' ,/niup, neiilndi/.o 

interfere with the hydrolytic preicpitation " SnWh exactly i.s 

the solution and precipitate hydrated IK); . , , , i< suliicient indica- 

described under (6). The formation of a precipUuU at tlm. p 

tlon of the presence of indium « 



METALS OF THE GROUP 

BERYLLIUM, URANIUM, TITANIUM, ZIRCONIUM, 
THORIUM, YTTRIUM, ERBIUM, CERIUM, LANTHANUM, 
NEODYMIUM, PRASEODYMIUM THALLIUM, INDIUM, 
GALLIUM, OTHER RARE-EARTH ELEMENTS AND 

VANADIUM 

BERYLLroM, Be. At. Wt. 9.02, At. No. 4= 

Density 1 .84. M. P. 1370* 

Occurrence. — CltrY.sol>eryl, Be(A10;)t; phenacite, Be 2 Si 04 ; beryl, BejAljSigOi*; 
euclase, AIBeHSiOj; mcliphanite, BejCaaNaSiaOioF ; and leucophanite, BeCaNaSijOgF. 

Properties. — Beryllium is a bivalent metal, and forms a white oxide, BeO, which 
is soluble in acids. The metal is stable in the atmosphere, does not decompose 
water, but dissolves in dilute hydrochloric and sulfuric acids and in sodium or potas- 
sium hydroxide with evolution of hj'drogen; 

Be -I- 2 - Be^+ + ILI . 2 Be + 4 OH" -► 2 BeOr" + 2 IL t 

Beryllium, like aluminum, is easily made passive by nitric acid. 

The metal wtis discovered by Vauquelin in 1797 and isolated by tNohler in 1828. 
It has an electrical conductivity exceeding that of copper ajui is almost as hard os 
quartz. Its name comes from the Greek beruUo.^, a word of uncertain origin, applied 
to the mineral beryl and probably to other gems. Sometimes the metal beryllium 
is u-sed in place of aluminum as a window in x-ray tul>es. Some of its alloys have 
been ptudic<l, and the addition of BeO to glass instead of CaO is said to increase the 
hardness and rai.se the melting point, but the present price of S25-S30 per ton of 
ore with about 10 per cent of Bes.UjfSiOj)* Ims prevented its use industrially. 

The oxide BcO is- said to be as good as MgO for refractory purposes, and the hydrox- 
ide, BefOIIlj, rc'scmblcs .\l(OH )3 In appearance and in its amphoteric properties. 
Like .-UCOIDj it i-. slow to dissolve in acids after the precipitate has stood for some 
time. 

Beryllium closely rc.-^embles aluminum in its chemical behavior. Beryllium salts 
react acid in aqueous solution and possess a sweetish, astringent taste. The element 
has been called glucinura, Gl. 

Reactions in the Wet Way 

Use a solution of BeSO, • 4 HjO. 

1. Alkali Carbonates give white precipitates of variable composi- 
tion; usually a basic carbonate is formed. When freshly precipitated 
the carbonate dissolves in a large excess of sodium or potassium car- 
bonate but is much more soluble in ammonium carbonate. By boiling 
the ammonium carbonate solution, reprecipitation takes place, but not 

d40 
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by boiling the sodium or potassium carbonate solution unless it is very 

dilute. . . . 

2. Ammonia and Ammonium Sul6de produce a white precipitate 

of Be(OH) 2 , similar in appearance to Al(OII)s, insoluble in an o-xtos 
of the precipitant, but readily soluble in ilCl, foiniing a >o u 

tioD. The yellow color often obtained in di.^solving the hydroxide in 

hydrochloric acid is duo to trace.s of ferric chIoii<^le. 

3. Ammonium Carbonate produces a white preciintate of lieryllium 
carbonate, readily soluble in an excess of the reagc-iit (dilTerence from 
aluminum); by boiling the solution, the beryllium is precipitated as 
white basic carbonate. This property is used in separating b<‘r>llium 
from iron and aluminum. The separation is not sliai[), lioue\i r, w lu i 
can also be .said of the separation l>y m(‘ans of caustic ]>ota>h. 

According to Frc.senius, it is necessary to Iic.it (lie solution somewhat. In order 
to make a quantitative .scpunit ion, tlio hei yHinm oi cui komU iiiu> u 

dissolved iind the precipitation re{M*:itc<l several times. 

According to Parsons and Barnes* a good m.-tliod of separating herylhmu fn. n 
aluminum consists in boiling in 10 per cent sodium laeaih<.uatc solution. aUmim 
hydroxide is precipitated and heryllium remains in suhition. 

4. BaCOa precipitates licryllium as hydroxide. 

5. Chloroform. — To .separate beryllium from ahiiuimnn ions. Ila mm 

and Van Oordtf take advantage of the fact that HcO • . » ( j * - 

is soluble in chloroform. 4‘he hydroxides ol these « (imiits, ‘J 
freshly precipitated, are dis.solved in glacial a<-ctic acid and cvaiunatca 
with a little water, and the residue is exlra.d<-d with cliloiotorm. 

To detect small (piantities of beryllium in the prcs,Miec <.f euiisnlm- 

able aluminum, llosslerj proceeds as lollow>: 

Dis.solve the liydroxide.s in hydrochloric acid, evapoi ntc l-i 
the residue in a little water, mhling a little h.s <lr<K hloi ic a.-a i ' ' " ' ^ 

Bolution int(j a lieavy gla.ss tube seale<l at one end; add a mu 

potas-sium sulfate a.s there wa-s aluminuin and <-iioiigh \s.il* i •• ‘ ' t|„. 

warming. .Seal the tube and heat at l-St)' for half an hoiii . - ‘ ' ‘ i \ llnim 

tul>e, filter off the basic pota-ssium idumimini sulfale, and pi'a ipi a 

with arnincuiiiiin hydroxide. To purify the beryllium ly* n [.ri vl- 

in hydrochloric acid, add a little citrie acid, and tliiow ilown le a . 
liuin aininoiiiuin pluwpliatc from ikc s<>lu(iou. 


Iios- 


fi. Diammonium Phosphate gives a grlatinous piveii.itate y' P* _ 
Phate whiel. dissolves in a considerable exce.ss ol the reagent. > 


• Z. anal. C/iem., 46, 202. 
t Z. aruil. Chem., 40, 465. 
XZ. anorg. dum., 13, 435. 
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fully adding ammonia, but avoiding an excess, a crystalline precipitate 
of beryllium ammonium phosphate forms on boiling. Citric acid does 
not prevent the precipitation, as it does with aluminum, but if consider- 
able aluminum is present, it tends to keep the beryllium in solution. 

7. Ether and HCl. — Beds is soluble in a mixture of equal volumes 
of saturated aqueous and ethereal hydrochloric acid, while the hydrous 
aluminum chloride is not (good method for separating Be and Al).* 

8 . KOH precipitates white, gelatinous berjdlium hydroxide, readily 
soluble in an excess of the reagent, forming potassium beryllate : 

Be-H- + 2 OH~ Be(OH) 2 , Be(OH )2 + 2 OH“ [BeOa]" + 2 HaO 

The alkali beryllatea are decomposed hydrolytically on boiling their dilute aque- 
ous solutions, all the berj’llium being precipitated as hydroxide. The precipitate 
thus obtained is denser than that thrown down by ammonia, and differs from the 
latter by being insoluble in potassium carbonate and difficultly soluble in ammonium 
carbonate solutions; it is also much more difficultly soluble in dilute acids. A solu- 
tion containing a considerable excess of alkali hydroxide does not give a precipitate 
of beryllium hydroxide by boiling. 

Tartaric acid prevents the precipitation of berj’llium hj'droxide. 


9. K 2 SO 4 gives with beryllium sulfate a beautifully crj’stalline double 
salt, K 2 Be(S 04)2 • 2 H 2 O, which is soluble in a concentrated solution 
of K 2 SO 4 (difference from Ce, La, and Di). 

10. Morin gives no fluorescence with berj'llium salt solutions. 

11. Oxalic Acid and Ammonium Oxalate cause no precipitation (dif- 
ference from tliorium, zirconium, erbium, yttrium, cerium, lanthanum, 
and didymium). 

12. Sodium Thiosulfate gives no precipitate. 


Ilt'actions in the Dry Way 

Berj'llhim salts moistened with cobalt nitrate solution and heated 
give a gray mass. Fu.sod with twice as much potassium acid fluoride, 
KHF 2 , the ma.'« dissolves in water containing hydrofluoric acid; under 
the same conditions, potassium aluminum fluoride remains insoluble. 

URANIUM, U. At. Wt. 238.07, At, No. 92 

Density 18.7. M. P. below 1850^ 

Occurrence. — The principul minerals containing uranium are pitchblende, U*Oi; 
carnotite, K,(UOi);(VO,)j SIFO; and autimite, (CaUOjlitPOds • 8 HiO. It is 
also found in the rarer minerals uraiiite, (UOjljCutPO*)* • 8 HjO; samarskile (a 
columbite of iron, yttrium, cerium, and erbium which contains varj’iug quantities of 
uranium); and liebigite, U(COj)i • 2 CaCOj • 10H,O. 


• F. S. Havens, Z. auorg. Chem., 18, 147 (1898). 
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History. — The element derives its nuine from the planet Uranu.-<. Klaproth is 
credited with its discovery in 1789, although, as Pi-ligot sliowed in 184-, he mi-.too 
the oxide for the element itself. Pcligot obtained the metal by reducing uranium 
tetrachloride with sodium. Since the discovery of radium, enormous quanmi^ ot 
uranium minerals have been worked for the ratiiuin content and uranium .-a b- a%e 


of nearly $350,000. t* - i . i i 

Properties. — Metallic uranium resembles nickel in appearance. It i.s ductile an<i 

malleable; it wUl take a high poli.di. but tarnishes (juickly in a moist atmo.«phere. 

Like iron, it takes fire when in the form of powiler and will hum bri>kly when heated 

to 170“. Uranium decomposes water slowly at nHUii tomperaturi" and f urly rapiUU 

if the water is Ixiiling. Uratuum is the heavie-t element, ami in tlie periodic cki»i- 

fication it is in the same family with oxygen, sulfur, and eliroiniuni. n t le ca.e ( 

sulfur and chromium, we find that the element ha.s the (emleiie\ to um c ui i 

atoms of oxygen and form bivalent .sulfate and ehromate union,'. Corrcspoiu iiu; ^ 

the general rule that an element is ninre liUoly to form t m ^ 

family, we find that uranium, when it lui.s the valenci* of 4 <». umUs vnM i ' 

of oxygen and forms bivalent eat ions, which bcli:i\ e m *-*. . 

magnesiuro ions. Thu-s they form a pie<-i|)itate «>f I < >.N1I lO *« '• " 


lute for tungsten in alloy steel, hut thec 1.:- b-.u l.tilc .!■ m:.ud Im- ilii' p. 

IMJssibly bccuasc of the cost. ^ i n... i,i..i ..iiiic- 

Oxiflcsand Hydroxides. — Five oxides of uranium are men i-'ic. i |„uu!, 

uo, U.O. uo,. u.o;. and uo. Of the.'e fo. t ( > .;.nd I - a..- ' ' " 

although the last one may he a mixture of I (); :iii<l d O " ' " ' uii.-ati.i 

UOi, to obtained when uranium burns in tlie all . -it "i ,\ u ii i 

In hydrogen at about G2o-0r>0\ Uiuninm trioxidr. 1 < ^ i' »h‘ . ' ^ 

is formed when amiiiouium uraiiutc, (Nlh^J uniiuoimun m i 

(NII.).UO.(CO.)„ i, he^lca :«K, . -riMs oxul,.. hi... V M ^ 

somewhat amphoteric, Iml if.s acid jiroiierties aie U-- i-,, . • |l o. 

hydrates: the yellow inunohvdrutc, VOj 11.0. am! t u* < i ‘a i,\di<>\uh* 
The former can act as uranic acid. IM'O., and il.c latte u' ti. 

UO, (OH),, which reacts a-s a base. _ . i.,niiiiiir 

Out of contact with the air, uraiiiuni dioxide di.<.'olvcs m r- lo ik . 

uraneus salts: 

UO, + 4Ha-2H-/) + UCl,. U(L + -MI><b ■ L- ll.t > i I '■•'Op, 

The uranous salts are extremely unstaldc. and on beim; exp"^td I" lli 
^pldly, forming uranyl sult.s which contain (he liivalint 1 o., ci.iiip. 

2UCi4 + 0, + ^1L(> ' 

2 0(80,), + O, + 2 H;<) — J H.M>. 

Uranium trioxlde dissolves in aeiils, forming uranyl ^alts; 

UO» + 2 IICI -» UOjCl, I- IliG 
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By igniting the oxides of uranium in air, dark-green urano-uranic oxide, UaOs or 
(2 UOs • UOi), Ls obtained, which out of conUct with the air dissolves in strong acids, 
forming a mixture of uranous and uranyl salts: 

(2 UOs • UO2) + 4 HiSO* 2 UOjSOa + U(SO«), + 4 HjO 

By dissolving in aqua regia, uranyl chloride is obtained: 

3 UaOs + 18 HCl + 2 HNO3 9 UOiO* -f- 2 NO + 10 H3O 

Only the reactions of uranyl salts will be described. 

Uranyl compounds are colored yellow or yellowish green. Most of them arc 
soluble in water, but the oxides, the sulfide, phosphate, and uranates are insoluble. 
In mineral acids most uranium compounds are soluble, with the exception of the 
ferrocyanide. 

Berj'llium behaves like uranium in the analytical scheme, but the acetate ob- 
tained by evaporating an acetic acid solution of uranyl acetate is insoluble in an- 
hydrous chloroform, whereas basic beryllium acetate is soluble in chloroform. 


Reactions in tlie Wet Way 

1. Alkali Hydroxide precipitates yellow amorphous potassium ura- 
nate. Uranyl liydro.xido, UOoCOH);, is first formed and changes into 
an insoluble alkali salt of uranic acid, H 2 U 2 O 7 :] 

2 UO2CI2 + 6 KOH K..02O7 + 4 KCl + 3 H2O 


2. A 


lllll 


onia precipitates yellow, amorphous ammonium uranate: 


2 U02(N03)2 + 6 NH 4 OH 


(NH4)2U207 + 4 NH4NOJ -f 3 H2O 


The alkali uranates are soluble in alkali carbonates, particularly in ammonium 
carbonate, with the formation of complex salts: 

+ G {XIL)-.CU + 3 H-O -*2 (NH4)4[U0i(C03),] -b 6 NH*OH 

Consequently, in the presence of sufficient alkali carbonate, ammonia fails to pre- 
cipitate uranium. Tartaric and citric acids (and other organic substances) also 
prevent the precipitation with ammonia and caustic alkalies, as with Iron, chromium, 
and aluminum, whereas tannin gives a dark brown precipitate in the tartrate solution 
containing acetate. 


3. Ammonium Sulfide precipitates brown uranyl sulfide, 

U02(X03)2 + (NH4)2S 2 NH 4 N 03 + UO 2 S 

soluble in dilute acids and in ammonium carbonate: 

UO 2 S + 3 (NIl4)2C()3^ (NHOsS + (NH4)4[U02(C03)3] 

Ammonium sulfide, Ihcreforc, produces no precipitate in solutions of 
uranyl salts in the presence of ammonium carbonate. 

By boiling the solution of uranium salt to which ammonium sulfide has been 
added, the uranyl sulfide deconipt»ses into sulfur and black uranous oxide, UOj, 
which is insoluble in an excess of the ammoirium sulfide and in ammonium carbonate 
solution. If uranyl sulfide stands for some time in contact with an excess of am- 
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monium sulfide, it is gradually changed info a red sul.>tauce with acce-'^ of air or t.i 
a black substance if air is excluded; the reaction is probably due to the forinuti<.ii of 
ammonium thiosulfate. 

4. Barium Carbonate precipitate.^ in the cold all the uranimn, prulj- 
ably as barium uranyl carbonate: 

U 0 a(N 03)2 + 3 BaC'Oa -> Ba(N 03 )-. + Ba2(U02(COj)3l 

5. Hydrogen Peroxide precipitates yellowisli iiraniuni tetroxide, 
insoluble in hydrochloric acid. The presence of sulfate ions hindei^ the 
precipitation. The oxide dissolves in ainmoniimi carl)onate .solution, 
giving a deep yellow .solution. If the precipitate produced l>\ h> diogeii 
peroxide is dissolved in sulfuric acid and the solution is shaken witli a 

little ether, the ether is colored blue. 

0. Mercuric Oxide su.-pension precipitates uranium couiidetely liy 
boiling the solution containing ammonium chloride. (Separation of 
uranium from strontium, calcium, and alkali ions and le?v> .Nati.'facluiil.N 

from barium ion.s.) 

7. Potassium Ferrocyanide produces a lirown precipitate, or in 
very dilute solutions, a brownish r(“d coloration: 

Fe(CN)r“ + 2 -> (U02);;lFe(CN)i;] 

On addition of potassium hydroxide the brownish nal precipitate 
becomes jx-llow, owing to the formation of potassium uraiiate. 

CU02)2lFe(CN)6] + 0 KOII K4[Fc(CN)t,l + 3 + K^U.Ot 

(This effect and the fact tliat the precipitate of ferrocyani<le <loes not 
form ill dilute acetic acid .solutions serves to prevent mteiiereiue of 
uranium with the lost for copper.) 

The fcrreeyunide test for is very sensilivc un.l siieeee.l.s with less th.-in 1 ■> of 

uruniuin. The tc.st can be nm«le in the pre.^ence of iron and ropt’ci if KI is mlUeil to 
reduce the Iron to the ferroiLs and the copper to flic < iipiou> 
udding w)diuin thio.sulfiite solution to reaet with llie liliciated ioi ho - • “ 
uranium uppeure. When Imth eot>I«ir an.l iron are pre.-enl, the leductmn succeed.^ 
with tiiiosulfutc ulonc; the c^ipjwr aet« as a catalyzer. 

8. Sodium Carbonate produces in eonceutrated solutions an orange- 
yellow precipitate of sodium uranyl carhonale: 

UOaCNOa)^ + 3 NazCOa 2 NaNtJa + Na.,lUO,(C03)d 

Sodium uranyl carbonate is soluble in rouni^lt t fiblr waU'V, .■'O I bat no 
precipitate is formed from dilute solutions. It is still more soluble m 
alkali carbonate solution, particularly in a bicarbonate .solution. Itoiu 
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such solutions sodium hydroxide precipitates sodium uranate, but am- 
monia produces no precipitation. 

9. Sodium Peroxide produces a yellow precipitate soluble in an 
excess of the reagent; the addition of alcohol then precipitates yellow 
sodium peruranate, Na 2 U 05 • 5 HsO. 

10. Sodium Phosphate precipitates yello\sish white uranyl phosphate, 

U 0 -.(N 03)2 + Na 2 HP 04 2 NaNOa + U 02 HP 04 

while, in the presence of ammonium acetate, uranyl ammonium phos- 
phate is precipitated: 

NaaHPO^ + U02(N03)2 + NH^CsHsOj 

2 NaNOa + HCaHaOs + U 02 NH 4 P 04 

Both precipitates are insolul)le in acetic acid, but soluble in mineral acids. 

11. Turmeric Paper is colored brown by aqueous solutions of uranyl 
.salts, especially the nitrate. The presence of considerable acid prevents 
the reaction. 

12. Zinc, in the prc.sence of dilute sulfuric acid, reduces yellow uranyl 
salt to green uranous salt. 

Reactions in the Dry Way 

The borax (or sodium metaphosphate) bead is yellow in the oxidizing 
flame and green in the reducing flame. 

Titanium, Ti. At. Wt, 47.90, At. No. 22 

Density 4.49. M. P. 1795" ± 5". B. P. > 3000" 

Occurrence. — Titniiium occ»u^ in nature most frequently as the dioxide; rutile 
(tptrngonnl), anutjLse (tetragonal), and brookite (orthorhombic) Titanium is also 
found in the ininerab perowskitc, (TaTiOj; Utanite, CaSiTiOi; and ilinenite, FeTiOj; 
n.s well as in many crystalline rocks. It is present in most rocks, but usually only in 
ver>' small quantity. 

PropcTlies. — Titanium itself is a gray metal, very similar to iron. Its name is 
derived from Tikoi.s, the giant's of Greek niythologj'. On being heated in the air it 
burns brightly to white titanium dioxide, and it also unites tvith nitrogen to form a 
nitride. The metal is hard enough to scratch glass; it is very brittle when cold l»it 
can be forged and drawii into vire at a red heat. In its chemical properties it 
resembles cerium, thorium, zirconium, and hafnium. There is no demand for 
titanium metal, but fcrro-tit.anium has been used in steel making as a “ scavenger,” 
and copper-titanium or manganese-titanium (alloys with 10 to 30 per cent titanium) 
are used similarly in making bronze c.astings. Enormous quantities of titanium 
dioxide arc now used in making white paints; the pigment has good covering power 
and is stable toward atmospheric ga.«;cs. 

Oxides. — Four oxides of titanium have been described. Titanium monoxide, 
TiO or TijO*, has been made by reducing TiOj with carbon or magnesium at a high 
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temperature. It is basic, but its salts are of no importance because of their insta- 
bUity. Titanium trioxide, TijO,. or sesquioxide as it was formerly called, is formed 
as black, lustrous crj'stals by heating TiO> in hydrogen. Its salts are violet or green 
in color and are energetic reducing agents; titanous chloride, TiCh. is comparable to 
stannous chloride, SnCL, as a reducing agent and is used for titrating feme salts in 
quantitative analysis. The precipitate, Ti(OH)3, formed on adding alkali hydroxide 
or ammonia to a solution of a titanous salt, is dark colored and very unstable. 
Titanium dioxide is the most important oxide and rejiresents titanium’s most stable 

state of oxidation. The hydroxide, Ti(OII)* or TiOiOH),, i.s .somewhat uinphotonc. 

but it is more basic than acidic; even the alkali salts are insoluble in water because 
they are hydrolvzed. The hydroxide is oftener called mctatitunie acid, ILliO,. 
than titanic hydroxide. Titanium dioxide a.s it occurs in nature (rutile, (•c ) 
insoluble in all acids. In order to bring it into solution it U best to fu^e it witli 
potassium pyrosulfate, whereby it is changed into titanium sulfate. 

TiOi + 2 KiS.Oi — Ti(.'<04)i + 2 K>SO, 

The cold melt is soluble in aM water. The oxide can also be <li.-solvcd by fusing with 

sodium carbonate and treating the product ^ k'drochlonc aci<l. lilamum 

peroxide is formed when an acid solution of tilanium salt is treated with hvdrogcn 
peroxide. The formula-s TiO,. TiO.-II/).. and ILTiO. have been ,)n.p..scd for 
titanium peroxide; it has also been called ptroxytuanic acid. Ihe foiiuula 




is favored for the compound produced on adding IIj<b to titanium sulfate solution. 

SofuWt<t€«. — Metallic titanium i.^ readily soliil.le in liy.li.-lhionc acid. I ic 
tetrafluoride, TiF,, boils at 284' and unitc.s with excels l.y.irolluoric and to form the 
complex fluortitanic acid, II/l'iFe, wliicb has a tld!icultl\ so u •< P" .i.sium . .i , 
K,TiF«. In quantitative analysts, the chemtst often lia.s to dc;d with ‘ 

of hydrated silicic acid containing some liydnitial IiOj. 1 In- ■''i - * ‘ ” " 

precipitate is determined by igniting to constant weight, In ating uit i su uii< .ui' 
hydrofluoric acids, heating again, and weiglung the residue. a n>t uiig i 
responds to SiOj+ TiO^. By the treatment uitli HI'. ami po'-i i \ i i u* 

formed. On heating in the pre.-^cm-e of II .so,, all the t- volanU. ■ d .mu I.. Int. 

before any TiF. escapes, it is changed to TifSO.J. which m. butl.ei lieatmg t.-e^ 

SOiand the residue after the final heating is 'I it);. . , , ci i., 

Titanium dissolves in hot dilute l.ydroelilorie nei.l ami 'Id b is formed iftli.',-. - 
tion is protected from oxidation. Dilute nitric acid forms lljd 
centrated nitric acid forms it rapidly; the Il.Titb i> oi'b slightly sou y*. • b ‘ 
regia attacks the metal, but u coating of IfiTiOj .soon i>rote< ts it . ” ' ' ' ‘ . , i 

furic acid dissolves titanium to form ami liydiogen, ‘ 

sulfuric acid forms Ti(S 04 )j and SO.. Tilunie hydroxide. 1 1 't *H u or i o 

whenfreMy precipitated Jrwn coll 6olution^, is easily «li-o.Ked by .l.hM.- nunend a< nls 
or by alkali carbonate or ammonium carl)on.ate, but after the pr(< ipi’ ‘ ' la- . oo< 
for some lime, or has been heated, it »>ecomc.s insolul.k- in .lihite a. als and is not 
dissolved appreciably by boiling with caustic alkalies or alkah '.V 

dissolved slowly by heating with concentrated .sulfuric aeii). " * ’ i 

is Brdublc in cold, dilute sulfuric aci<l but in tin* al-.smicc o su 

is easily hydrolyzed to insoluble basic titiiuyl sulfate, I it * •''* 'i n' ' *i»* 

(TiO(OH),). Titanium tetrachloride, TiCb. is a lupiid nHucIi boils at bJU . it. 
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as also the tetraiodide, TiL, has been used for the production of metaUic titanium; 
the halogen compounds are reduced by heating with sodium or sodium hydride. The 
salts of quadrivalent titanium are colorless. 

Reactions in the Wet Way 

For these reactions a solution of titanium sulfate or of titanium hydroxide in hy- 
drochloric acid can be used. 

1. Alkali Hydroxide precipitates, in the cold, gelatinous orihotUanic 
acid, 

Ti++++ + 4 OH“ H4Ti04 

which is almost insoluble in an excess of the reagent, but readily soluble 
in mineral acids. 

If the precipitation by potassium hydroxide takes place from a hot 
solution the titanium is precipitated as metaliianic acid, 

Ti+w + 4 OH" H 2 O + HaTiOa 

which is difficultly soluble in dilute acids. By long digestion with 
concentrated hydrochloric or sulfuric acid it goes gradually into solu- 
tion. By the ignition of both these titanic acids the anhydride Ti 02 
is obtained, which is only slightly soluble in concentrated hydrochloric 
acid, but readily .soluble in hot concentrated sulfuric acid. 

2. Alkali Acetates on boiling precipitate all the titanium as meta- 
titanic acid : 

Ti++++ 4 C^HaOr + 3 H 2 O 4 HC 2 H 3 O 2 + H.TiOa 

3. Ammonia, Ammonium Sulfide, and Barium Carbonate (like potas- 
sium hydroxide) precipitate, in the cold, orthotitanic acid, readily sol- 
uble in acids; and from hot solutions the difficultly soluble metatitanic 
acid: 

TiCU + 4 i\H 40 H 4 NH 4 CI 4- H 4 Ti 04 
TiCU 4- 2 (NrT 4 ) 2 S + 4 HoO ^ 4 NH 4 CI 4- 2 HoS t 4- H 4 Ti 04 
TiCU + 2 BaCOa 4 - 2 H.O ^ 2 BaCU + 2 CO 2 T 4- H 4 Ti 04 

4. Chromotropic acid. 1, S-dihydroxj'naphthalene-S, 6 disulfonic acid, 


H H 
O O 



gives an intense brown coloration. It serves to detect 5 7 of TiO* in a drop. The 
color is weakened slightly by the addition of SnClj which prevents interference by iron 
and uranium. To test for titanium and uranium in the presence of one another 
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use the aqueous extract from the melt obtained by facing wth KtS^O:. Neutralize 
a Uttle of the solution with NH 4 OH. add a drop of Na,S solution, mix with an exce^ 
of concentrated (NH4)-C03 solution, and filter. Ti(OH )4 and vanoiLs sulfides will 
be on the filter, and the uranium will pass into the filtrate. Mou^ten a filter paper 
with the filtrate and test for uranium on the filter with a drop of K 4 Fe(CN )« solutimj. 
To test for titanium, take a little of the original sulfate solution, add some fcnU, 
solution, warm gently, and transfer a drop of the clear solution to a filter paper that 
has been touched with a 5 per cent solution of the sodium salt of cliroiuotropic acid. 

5. Cupferron (cf. p. 214) procipitate.s tlio yellow titanium salt of 
phenylnitrosohydroxylainine from acid solutions: 

q'i-t-m- 4 C6H;.N0 ■ NO" — > Ti(C,;H:,NO ■ NO)j 

In the presence of tartaric acid, iron can he removed by ammonia 
and ammonium sulfide and the titanium precipitated in the aeidihed 

filtrate with cupferron. . .. 

6 . Ether docs not dissolve titanium chloride. By .'^liakins a b A 

hydrochloric acid solution with ether, tlu-refore, it Is possible to sepa- 
rate ferric chloride from titanium eliloridi'. ,• 1,1 

7. Hydrogen Peroxide. — If hydn>;;en peroxide is addc'd to a .dijihtly 
acid solution of titanium sulfate, the sidution is coIomm oiaimi ni , 
except in the presence of snuvll arnoiinls ol titanium, nn I u (u or 
light yellow. This reaction, whii'h iirohalily tlepend> upon t u oinia 


tion of iKjrtitanic acid or H : 


T\ 




(SO.,)-. 


is exeeeilingly delicate, 


and Is especially suitable for the ileteclion of titanium in rocks As 
little as 2 7 of titanium in a drop of solution ..n a .<i)ot plate u ill gut 
the test. Chroinalos, vanndate.s, molybdate.'-, and (iin s inu.s 

absent for they also give color with hydrogi u i)(*M>xiu( . 

If a solution of titanium sulfate is ln‘ate<l wit i* a Uivav <‘\m s> 
and then iKjtassium hydroxide is added, a |>reri(n1:ite is oimu \' *i^ * < 
great exei, of 11, e alkali, ro, „,i„g a ycllorv sololi.,.,. Tl„. „„.a„a, , Ic ,.r for 

long time, but cvenlimlly a bright yolh.w jiic.-ipitHte is f..Mn.<J. 

An inuoluble titaniiiin comptmnd on being fii>e(l uit i j-o' lu'n P' i' ‘ ^vater. 
crucible yields a melt which [lerinit-s the extriictinti u a » ' rcjl color of 

If the solution is made strongly acid with sulfuric acid. .Ik- ^ 

perliUnie acid is apparent. If iron was pre.-ent m the oiiginal inso 
mineral, it U loft insoluble in water after the fusion with so«lmm P«' ■> ' . j 

Bodium peroxide added Ui a neutralized solution of titanu.m 
boiling, causes complete precipitation of the titanium .is • •• 
like hydrogen peroxide, is not stable in hot, alkaline .so uiiotus. 

In the LyL and Bray scheme of analysis any titanium -‘‘I - ' 
precipitated by hydrolysis during an early stage of tlie aiud>f-i.s 

• N. A.Tananaev and G. A. Panchenko, Z. aaoTfl- 
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down with the iron group by making a basic acetate separation at pn — 5.5. The 
precipitate is dissolved in 6 N HCl, and gallium, together with iron, removed by 
shaking with ether. Then the solution is evaporated nearly to drj'ness with nitric 
acid, diluted with 10 ml of water, made alkaline with NaOH, and treated with 
NoaOa. By boiling and cooling, all the Ti, Zr, In, and rare earths are precipitated. 
This precipitate is treated with HCl and HF, which forms soluble HiTiF«, and 
insoluble fluorides of the rare earths. After filtering and evaporating with sulfuric 
acid, Ti(S 04)2 is obtained and the solution is tested for Ti and Zr as outlined 
under 11. 

8. Hyposulfurous Acid, HjSsO^, which can be obtained by the action of zinc on 
sulfurous acid, or its sodium salt, NaiSj 04 , gives a violet or reddish color with dilute 
solutions of titanium; the color is not taken up by shaking with ether. According to 
Brunck,* the following reaction takes place from left to right in acid solutions and 
from right to left in alkaline solutions. 

2 TiCl« + Na:S .04 sa 2 TiCU + 2 NaCl + 2 SO, 


9. Potassium Ferrocyanide produces in slightly acid solutions a 
brown precipitate. 


10. Pyrocatechol, C»H 4 (OH), or 



, gives a yellow spot when a: drop of a 


solution containing titanium is placed on filter paper which has been impregnated 
with freshly prepared 10 per cent aqueous solution of pyrocatechol. The test is 
obtained with 2.7 y of titanium and is due to the formation of a complex compound 

having the formula . 


11. Pyrosulfate-tannin. — Titanium sulfate, obtained by fusion of 
titanium oxide with potas.sium pyrosulfatc, dissolves in hot, 1 per 
cent tannin .solution in 1.8 N sulfuric acid. In this respect titanium is 
like zirconium and differs from tantalum and columbiura (niobium). 

According to W. R. Sehoellcr.t this is the best way to separate ti- 
tanium and zirconium from tantalum and columbium, a much cleaner 
separation being accoin]>lishcd than by the salicylate treatment de- 
scribed in 13 on p. 551. The oxides of titanium and zirconium are suffi- 
ciently basic to form well-defined sulfates, whereas the earth acids, TajOs, 
and CbiOft are not. In the absence of tannin, the separation is not 
satisfactory because the basic oxides tend to form compounds ^nth the 
cartli acids so tliat some tantalum and columbium dissolves and some 
titanium and zirconium is precipitated. The tannin forms colored 
adsorption compounds witli Ta206 and CboOs (see p. 589). 


• Ann. Chem., 346, 28.3. Cf. R. Fresenius, Z. anal. CAcm., 24, 410. 
t Analyst, 64, 453 (1029). Cf. SchocUer and Deering, ibid, 62, 633 (1927). 
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To cany out the separation, fuse 0.1-0.2 g of the oxides with 2-3 g of potassium 
pyrosulfate in a silica crucible. Make the melt solidify in a thin layer along the 
sides of the crucible. When cold, treat with a hot. 1 per cent solution of tannin 
in 5 per cent sulfuric acid. Boil about five minutes. Filter, and treat tlie liltrate 
with HjOz and Na^HPO*. (Sec 12.) Fora confirmatory earth-acid test, .see page 

592. 


12. Sodium Phosphate produces a precipitate in dilute .sulfuric acid 
solutions: 

TiCSOOi + 2 Na 2 HP 04 — TifHPOi). + 2 Xa.SO^ 

Zirconium gives a similar reaction even in the presence of 11:0^ «lii< h t>\iilize.^ tlio 
titanium to pertitanic acid and prevents its piecii)iiati..n jih-.-^phate It zir- 
conium is present, therefore, it can l>c 5ieparute(i inwit titaiiuiin h> at t \ii\i . . aiu 

sodium phosphate. Then, if the precipif.atcMd Zr< 11I*(). ,s lilt. ml ..ff. tl.c a-M.t.un 

Of Na*SO, to the filtrate will oau.se tl.e nHlucti..n of tin- titni.mm and its , piU.u.Hi 
as phosphate. The combination of hy.lrogen pci..xi.lc aii.l >..,liuin pho.-phi.ti- it. 
this way gives one of the best confirmaKuy tC'ls f,ir tiianiuiii. ' 
concentration is furnished by evaporating to futiu-.' with .5 ml "f ^ J 
and adding 5 ml of water, 10 ml of molar IFO.:, ttnd It) ml of N ^ b utu-n. 

13. Sodium Thiosulfate prccipitaKv-^ in I-uiling snluli.ms nil tl.c 
titanium as inetatitunic acid : 

TiCl, -f- 2 Na-,S.Oa + II.O -> 4 Ntif 'I + 2 S |- 2 ). [ -f H T.O> 

14. Water.— Not only tituniuiuMccfnlciml ttUuall (iUu.iiim -ulKarc 

hydrolytically decomposed by waU^r. 

The presence of tartaric acid, citric aciil, and iirmv oHh i < nn 

prevents the al>ove reactions. The nciilraii/*nh hoilim t or • ' ' ‘ ^ ^ 

wntuiiiing ammonium aooUito, when treated sMth itinnuu tri\‘ iti u u 

nous, flocculent adsorption complex of a St ri kindly MMdiud il.,* i > ini- 

The ease with which soluble lituniurn salts utidiM^c^i liNdio yi » 
tlon of insoluble titanic acifl is the liasis tie* «>ld« -t « r* I . , Hj*. I 

»^iuiD from aluminum, iron, ciiromiuin, etc.; tlie oM<h - "I * ‘ ^ ^ ^ 

with potassium pyrosulfate, the pni«luet of the fud‘^Ti i- * i ^ ^ 

and the 8<jlutioti is then heated to boiling, d lie titarinun i- * ' ^ ^ 

^ granular mctalitunic ueid, which can be readil> '»i. 

metals remain in solution its sulfates: 

Ti(SOdi + n.O * -2 II SO* d ll.ii^b 

Since this reaction. lik«* all hydiolylie d.T..m|.<.HUo..s, i- '* ,1;, 

that, in order to make the precipitation <d tlie nietatituaie nun < y • 

free acid prejierU nhould be. kc/A .small,] atn.ii'hiahtc iral' f 

Fulton kept hot while fillcring. 

• Solution takes place niuch more qui. kly if tl.e li.iui,i is k-l.l i'i 

by conducting a current of air through it. . , ,i ..ir 

t If loo little acid is present, however, iron and nlununuin vmH ' 'P 
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In the scheme of analysis devised by Noyes and Bray, a solid substance is 
treated with HBr and the arsenic, germanium, and selenium distilled off as bromides. 
Then the solution is evaporated with HC10< almost to dryness. This serves to 
precipitate oxides or phosphates of Sb, Sn, W, Ta, Cb, etc. Under ordinary cir- 
cumstances, because hydrolyzed so readily, all but about 4 mg of Ti will be obtained 
in this residue. The presence of zirconium tends to prevent the complete precipita- 
tion of titanium, but both titanium and zirconium are precipitated here, for the most 
part, when phosphate is present. By treating the precipitate with hydrofluoric acid 
and evaporating with sulfuric acid, the above-mentioned oxides and phosphates are 
dissolved, and by treatment with NH 40 n and (NH^IjS, the Sb, Sn, W, (Mo) are 
converted into soluble thio-salts and a precipitate is obtained containing hydrated 
TiOs, Ta{06, CbjOi, and possibly Zr. If this precipitate is boiled with a large 
volume of dilute sodium salicylate and salicylic acid solution (3 g NasCOt and 15 g 
salicylic acid in 400 ml of hot water) the TiO? dissolves as complex salicylate (Ti or 
TiO replacing the H of the phenol group in salicylic acid). Then, after filtering and 
evaporating the solution, the salicylic acid is removed by adding sulfuric acid and 
shaking with ether and the titanium is reprecipitated by evaporating and pouring 
into a slight excess of dilute NaOH. This precipitate is soluble in hot, 6 N HNOj. 
The nitric acid solution will give the HjO: test or the phosphate test for titanium. 

15. Zinc or Tin produces in acid solutions, preferably hydrochloric 
acid, a violet color caused by the formation of TiCb: 

2 TiCb + Zn ZriCla + 2 TiCb 

The quadrivalent titanium compounds are not reduced by hydrogen 
sulfide or sulfurous acid. 


Reactions in the Dry Way 

Titanium compounds do not color the borax or sodium metaphos- 
pliate bead in tlic oxidizing flame; after continued heating in the reduc- 
ing (lame the bead becomes yellow while hot and \iolet when cold. 
By the addition of a little tin the violet color appears much more quickly. 
The addition of iron cau.scs a brownish red bead. 

On fusing titani{- acid with sodium carbonate, sodium metatitanate 
is formed, w hich is soluble in hot, 6 N HCl. By treatment with hot 
water, sodium melalllanate is decomposed, forming metatitanic acid, 
which is difficMiUly soluble in dilute acids. Even in cold water, sodium 
titanate is hydrolyzed and does not dissolve. 

Zirconium, Zr. At. Wt. 91.22, At. No. 40 

Density 6.5. M. P, 1927^. B. P. 2900® 

Occurrence. — Zircon, ZrSiO«, tetragonal, isomorphous with rutile, TijO*; thorite 
(oningite), ThSiO,; eassitorite, Sn; 04 : poHanitc, MnjOi, ami plattnerite, Pb 304 . 
Baddeleyite, ZrOj, moiioclinie. 

Zirconium was discovered by Klaproth in 1789 and owes its name to the Arabian 
word zerk = a precious stone. Two forms of the metal arc known. The crj’stalliue 
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form is white like cast iron, hard and brittle when about 99 per cent pure. Very 
pr Lonil which is har’d to obtain, is soft, ductile, and malleable. Amorphous 

"Tr". -Sriprof rireonium burn in the a,r when 'il^^ted with a match. 

HeatedTn hydrogen zirconium form, a hydride and in nitrogen a n.tnde; both prod- 
a j- • * Zirconium combines with halogens to form tetra 

ucU are dissociated at <00 . present. Thus the salt 

ZrOa; ^‘though it has been termed zirconium 

^t.^a:i^iu:'^'h:drr:i^e in acid, and hyd™.^ r.,. mdy 

slightly with the metal. ^cn-diletent "ithough nitric ac.d done 

a mixture of nitric and h>aroHuonc acia nci > nnnn it fonninc 

has little effect. Hot coneent rated s.dft, no „„muio 

water-soluble zirconium sulfate, /r(* O 4 ).* 

;is t;:Xm‘:dde, the dinddo, ^ 

by heating for a lung tune with a nnxtnre of 

nornlll salts, sirconyl salts, sire, "j;;;: r’;;f fr^m e,^:phx ’ am 

KzZrF«. The amphoteric nature and the tcmlciu> 

characteristic of quatlrivalent zirconium. , ...ni, nritU It niu'it 

The mineral zircon. ZrSiO. cannot l>e decomposed by 

1m! finely pulverized and fused with four "I* ‘ so.liuin /ireomite. 

temperature in a platinum crucible; salt .lissolves. 

NajZrO*, are formed. On treating the inci • l.vrlr.ivide ami samlv 

while the latter Ls decomposed hyiirolyt ieally. forming sodium - • ■ ■ 

insoluble zirconium hydroxide; the latter retains some of ^ ^ . 

sistently. After washing the residue, heat H. w.thou 

centrated sulfuric acid lit a teinpcraturcMioar t »o mi ing * .1 ' 1 . •} il () is 

Zr(.SO.), is obtained. Hy pouring water over the latter, ^ ' f, ‘ 

formed, which dissolves slowly in cold water, but more readily ... hot ^^.lter. 

solution with an acid reaction. in. .-oi,.. nfU'w^imn fiuoro- 

Zir„.„ is also atfaeked by fusing with ^ ,g wdh 

Bilic.atc. KwSiFe, and potassium fluorozirconate. K:Zi U. ar ,.hl,,rinc. or 

carl>on, to form zirconium carbide, and then healing 

heating with carbon tetrachloride at results in ’ t,eatinent witli 

zirconium chloride. ZrC!. which give.s ^ i. insoluble 

a little waUr; this chloride i.s soluble m water but. unlike 

in ether. 

Reactions in the l^'ft ir«y 

A solution of sirconium ni.rato, Z, (NO.)., or a freshly prepared one of xireonyl 
chloride. ZrOCl, • 8 H,0, may l>c u.se<l for the following roar lo . . 

1. Alkali Hydroxides produco white, i^Iimy 
insoluble in an cxces-s of reagent (difference fiom / 

the zirconium hydroxide is produced in the cold it is r..adi!v soluble^ n 

dilute acids; but when thrown down from a boi ing »> 
difficultly soluble in dilute acids, though it will dis.soIve e 

concentrated acids without difficulty. 
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Tartaric acid prevents the above precipitation owing to the formation of the 
complex acid, H 2 [Zr 0 {C 4 H 40 e)j), which gives soluble alkali salts. If ferric ions are 
present in the original solution, they can be precipitated by ammonium sulfide as 
ferric sulfide, and the zirconium, like al uminum and berylliiun, remains dissolved. 
Tannin, in an alkaline tartrate solution, produces a dirty-white precipitate (difference 
from titanium). 

2. NH 4 OH, (NH 4 ) 2 S, or Na 202 also produce white, slimy precipitates 
of Zr(OH )4 insoluble in an excess of the reagent; the precipitate dissolves 
in a mixture of dilute hydrochloric and hydrofluoric acids (difference 
from rare earths which form insoluble fluorides by this treatment). 

Boiling a dilute acetate solution (pn — about 5.3) causes the precipitation of 
Zr(OH)4. By the basic acetate precipitation, Fe'^, Ga'*^'*', Cr'^, Al"*"*^, In''^, 
Ti’*^*'*', and Zr^** can be separated from Zn'*^, Co"^, Ni"*^, UOa"*^, Be'*"*’, 

rare eartlis, and alkaline earths. If phosphate is present, however, some rare earth 
phosphates are likely to precipitate even when considerable ferric iron has been 
added to the solution. 


3. Alkali Carbonates produce white precipitates somewhat soluble 
in an excess, but reprecipitated by ammonia. 

4. {NH,i) 2 C 03 produces a white, flocculent precipitate of basic car- 
bonate, readily soluble in an excess of the reagent, but reprecipitated 
by boiling. 


5. Ammonium Oxalate precipitates Zr(C 204)2 soluble in an excess of 
tlie reagent. From the solution in ammonium oxalate, zirconium is not 
precipitated on the addition of hydrochloric acid (difference from 
thorium). 


iRcmark. — A solution of zirconium sulfate behaves quite differently from that 
of the nitrate and basic chloride towards oxalic acid and ammonium oxalate, a fact 
which, although published by Berzelius and also by Pfaff, bad been entirely for- 
gotten by most chemists until their attention was called to it by R. Ruer.* 

On treating an aqueous solution of zirconium sulfate with oxalic acid or ammonium 
oxalate there is no precipitation; in fact, precipitation will not take place from nitrate 
or clilori<le solutions when these contain sufficient sulfuric acid, sodium, or ammonium 
sulfate. 

The cause of this different l>ehavior lies in the fact that zirconium forms complex 
compounds with sulfuric acid and alkali sulfates. Thus the solution of zirconium 
sulfate contains the acid HjlZrOfSOJikandon treating a solution of zirconyl chloride 
or nitrate with sotliunj or aiuntoniura sulfate (but not the potassium salt) the sodium 
or aiunjoniura salt of this complex acid is formed: 

ZrOCb + 2 Na:S 04 —2 NaCl -|- Naj[ZrOCSO,)i] 

Tliesc compounds, however, are clectrolj’tically dissociated in aqueous solution 
as follows: 

ILlZrOtSO,):! ?=i2 + (ZrOfSO*),!" 

Since tlie zirconium is present in the anion it cannot react with oxalic acid. 


* Z. anorj;. Chern., 42, 85 (190-1). 
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6. BaCOa causes incomplete precipitation, even on boiling. 

7. Cupferron precipitates zirconium completely from cold solutions 
containing 5-10 per cent by volume of concentrated sultunc acic . le 
precipitate Is white and curdy. (Separation from aluminum. 

HCl. — Ruer* recommends the following test for the t 

tion of zirconium : 

Precipitate the zirconium in the 

from the filter as completely as po>^Jl>lo. Vi ] * * mthor with not tuo 

add, or it amall in amuun, trout tl.o paper and ^ ^ " 

strong HCl and Biter. Evaporate tl,e hytlroeldnr.c ‘ 

water bath and take up the rCHduo in a little water. *> ^ • y imlic- liy 

add hydrochloric acid drop by drop; the pre.-cnce of ' ‘ u ■ th • 

the JmatioD of a volumiuous prec.p.tate of zirco.umn oxychlon ie. ^ 
precipitate by heating the .solution, and allow the hq.nd to cool. After ^on.e 

fine, silky needles of ZK)Ch • 8 H.O will precipitate. KII.-^O. m a 

Ignited zirconia, ZrO. is insoiublc in •^v;lro<L one :uad. 

siUca crucible or tran.sfor.n it into ^ ..u.n l.v animoma. 

sulfuric acid (2 : 1), dusstdve this in watt-r, prttii • 

and carry out the above procc.-5S. 

9. Hydrofluoric Acid a-s a ruh- produces no 
from thorium, cerium, and other rare carihs). 'Vi,.. .i„. 

conium solution-s a voluminous preeipitatt' nM> >' <► ' 
ful addition of hydrofluoric aeid, but the precipitate is m. i ' 

"'w' SXprceipitalos f.«n sligMly avi.l "in- 

zirconium peroxitlo, wliicli ovi>lvi‘.'< " » n iii , j,;,. 

centrated HCl. Wh-n l.otl, sn.r,n,n pl.osplnd,- and ^ 

are added to a solution eonlai.,ina Zr. >'"■ I”;;''';' f; 

ZrCHPO,),. (H.O. prevents preeiinlatnm of ‘ ‘ 

11. Oxalic Acid gives a Iv s.dnl.le in ddnte 

late, readily soluble in an excos.^? of oxalu .uid. . i. i . 

hydrochloric acid, and readily .^olulile in ariniiniiniin ^ ^ 

12. Potassium Fertocyanide gives a wldte pna-.pitaie 

tions and a grecnisli yellow pn-eipilale of /inonmni ^ oiilv 

acid solutionsv Sulfate .solution.s do not give tl.e pre, ,,.., onl. 

^ s.a.,.. - A - (".l, 

cipitate.s, little by little, all the zireonium pot:i.-mni /i . 
insoluble in an excess of the reagent 

prccipitaU;, when produced in the eohb -ii^» . ^i,,„T,iuin 

dilute HCl. If it is produced from u boiling M.lutioi , . 


* Z. anorg. Chetn., 42, 9,T> (1904). 
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sulfate is formed by hydrolysis, which is quite insoluble in dilute HCl 
(difference from Th and Ce). 

' 14. Selenious Acid, H2Se03, is an excellent precipitant of zirconium 

as zirconyl selenite; on standing the precipitate becomes Zr(Se03)2. 

15. Sodium lodate produces in slightly acid solutions a voluminous 
precipitate of zirconium iodate, soluble in hot, dilute HCl. The reaction 
is sensitive to changes in acidity, and since other insoluble iodates are 
known, it is of no practical value for detecting Zr although it has been 
recommended for separating zirconium from aluminum. 

16. Na2S04 produces no precipitation, even on boiling a solution 
which is slightly acid with sulfuric acid (difference from Ti). 

17. Na2S203 precipitates zirconium completely as the hydroxide; the 
precipitate is always contaminated by sulfur. 

18. Sodium Phosphate, Na2HP04, throws down white Zr(HP04)2 even 
in solutions containing 20 per cent sulfuric acid by weight. No other 
element forms an insoluble phosphate under these conditions except 
titanium which can be kept in solution as pertitanic acid if sufficient 
hydrogen peroxide is added ]:>efore the sodium phosphate. 

19. Turmeric Paper, after being moistened with the hydrochloric 
acid solution of a zirconium salt and dried, is colored reddish brown 
(difference from Th). 


Reactions in the Dry Way 

Zr02 is infu.siblc in the oxyhydrogen flame (difference from the other 
earths), but glows brightly. 

THORIUM, Th. At Wt. 232.12, At. No. 90 
Density 11.3-11.7. M. IM845®. B. P. > 3000” 

Occurrence. — Thorite (orangite), ThSiO^, with 50 to 58 per cent ThOj; thorianite, 
u inincrul discovered in Ceylon, with 72 to 76 per cent ThO, and 11 to 12 per cent 
UOj.* Small quantities, up to about 8 per cent, of ThO* are found with gadolinite, 
Y. 03 - 3 (Be, Fe)0- 2Si02: monazitc, (Ce.D^Nd.PrlPO*; and in the rare colum- 
bates, samarskitc, pyroi-hlor^*, euxenite, etc. Euxenitc is essentially n titanato and 
coluinbnte of Cc(L;i,Nd,Pr) and usually contains UO? tmd FeO. Thorite, monazite, 
and gadolinite arc decomposed by acids, preferably sulfuric acid. 

Preparation and Properties. — The impure metal itself has been obtained by heating 
ThCh or KzThCU with metallic sodium. In the air it is stable and e.\hibits radio* 
activity. Upon gentle heating it ignites and burns to the dioxide. The metal dis- 
solves in hydrochloric acid with evolution of hydrogen; it is less readily dissolved 
by sulfuric acid and by hydrofluoric acid and is practically insoluble in alkali hy- 
droxide solutions. 

The clement derives its name from Thor, a Scandinarian god. It was discovered 
by Berzelius in 1828. In the periodic classification (cf. p. 87), it is the heaviest 


• Chem.-Ztg. Rep., 1906, 91. 
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u f i- IV Tn this crotin the elements titanium, zirconium, hafnium, 
rdtho^u r ated to o Janothe. L.ke zircon, um, the eleven. ,s eatd 

L e“ wo Itropic fornts, one cry.taUine and the 

Zirconium the metal can be made to take fire m the air and burn to ThO:. It aLo 
burns in chlorine, oaifmetals'^uTas" aTuminum. 

c™pp°er?rckerand^ with tungVten it is used for making electric-light 

“^lyide, ThO . white when ^ 

mantles, being formed by the ignition of Th(. 3 ) 4 . - C Tmce^^ of CixO 

thorium nitrate is only teehly lun.inous, with a shR , "'.m' im illiant liRl.t, wln. l.' is 
or CeOj cause it to glow much m<nc bright 1\. Ihc 

slightly yellow, is obtained with about '^vith conceiitr:ite<i 

Ignited thorium dioxide. ThO-.., can be d.ssoKe l b> 

sulfuric acid, cooling, and adding the Thorium shows a 

it is not soluble in other acids ev<*n aflei f im k „a,-,|,.v ioiK than docs 

tendency to form colloi.lal suh.lion. hut less tondeney to torn, c„„„,1cn ,o„s lh.„, 

cerium, zirconium, or titanium. ,,oi.,llv contains more 

Commercial thorium nitrate with -IS-tO P- detected 

unless the thorium is fu-st renoved l,y „„'a„s of o'ah ■« ip;,vi„R 

and nitrate melts when heated and decomposes. ^ ...litmid re- 

..hind a URht, hnlhy white osn.e that is soft o m . Jh-^. m 

main perfectly white after several minute.-, htating m nresenf 

Bunsen burner. If a pink tint is noticeable, a trace of <l.dym.um i. pr.^ent. 

/{encliVm.s III the tf t t Ifov 

Use a solution of Th(.SO*)j or of 'I hfN'OjL. ^ healing tlie eon- 

Anhydrous thorium sulfate <li.s.s.,lvcs freely m ’ l„. ^,,.,nngly soluble 

ceiitraled solution, or even on standing at ’ , rates oUl (.litTeiencc from 

hydrated salt Th(SO.), ■ K .1.0 or bom small <,uan- 

Al. Be. Ti. Zr). This lK.hav.or can be use.l fo - l‘; .,f n , > ,,, ,rans- 

litie.s of other rare earths. I he hydiates with l,,l,ililv <'f wliii li falls as the 

formed above ir,** into the bulky ThfSO.). - 1 ILO. the m - n ^ 

terni>erature rises. This is the stable t)hase in contact xsUh llu k 

1. Alkali Carbonate pri-ci|)itat(‘s lb<; carlKinalr, 

excess of the rca(r<-nt. and nol repreripitated by tin- addihoii 

On boiling, the solution bccomc.s turbid, but rle.i^ again on o ^ 

2. Ammonia. Ammonium Suifide. <'P ^'kali Hydrox.de , 0 ,^ 

\vhit« precipitate of TlifOH)^, in.solul)I<‘ in an cxicss o " • ^ iHiiling 

readily koIuIjIc it, ,lilule aeid.s \vl,en fre.slily |,i,’> ,|„ " • .i.hiiiili’ 

with thorium nitrate, or hy treat, .uu.t uith a hUh' ah.nun,,,,, i. ah 

ferric chlo.-ide, or hydrocl.loric a,-i,l, it i.s -as.v to ,d„a.,. ' 
aolution of tliorium liyilioxide. Siinilaily l,y < m y-'is o ' . , | | 

in pure water, it is easy to ohtaiu a colh.i.lal soh.t am of " ; ; 

By iKnitinK tl.e liylroxhle, Tl,().. is ol.taiu.-.l, .vh,<l, ts solul.h 
centrated sulfuric acid only after lo,tg digest ion- 
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3. (NH 4 ) 2 C 03 precipitates the white carbonate, readily soluble in an 
excess; on warming to 50® a basic carbonate is precipitated, which re- 
dissolves on cooling the solution. Ammonia causes no precipitation in 
this solution. 

4. Ammonium Oxalate likewise precipitates thorium oxalate, which 
dissolves on boiling with a large excess of this reagent. The solution 
remains clear after cooling, provided the original solution did not contain 
too much free sulfuric acid, and enough ammonium oxalate was used. 
From the boiling solution of the ammonium double oxalate, HCl precipi- 
tates practically all the thorium as oxalate (difference from Zr). 

In the presence of ammonium acetate, ammonium oxalate produces 
no precipitation; but by the addition of HCl almost all the thorium 
will be precipitated as oxalate. 

5. BaCOs or PbCOa precipitates thorium ions completely in the 
cold, Th ( 003)2 l>eing formed. 

6. HF produces a white, gelatinous precipitate, which soon changes 
to a heavy powder. KF cau.scs the same reaction. 

7. Hydrogen Peroxide added to a hot, neutral solution, or to one 
wiiich is faintly acid with H2SO4 or HNO3, or even to an ammonium 
carbonate .solution, precipitates all the thorium as white, hydrated 
thorium peroxide. 

8. Oxalic Acid precipitates, from solutions which arc not too acid, 
all the thorium as white, crystalline oxalate, practically insoluble in 
oxalic and dilute mineral acids. 

The precipitate ha.s the formula: ThfCjOds • 6 HjO. It dissolves in ammonium 
acetate solutions eontaininj; n little free acetic acid. At the boiling temperature 
it dissolves in cotu’entrated alkali oxalate solutions, particularly in ammonium 
oxalate, forming very stable complex ions: [ThfCjOd*]"”, {Th(Cs 04 )s)‘", or 
(TlijfCjOi)!]*". On cooling no precipitation takes place if sufficient ammonium oxa- 
late was used. (Difference from the ions of Ce, La, Pr, Nd, and somewhat different 
from Y and Er.) The addition of hydrochloric acid causes the decomposition of the 
complex oxalate ion, and thorium oxalate is reprccipitatcd. 

By gejitly igniting the oxalate, thorium dioxide is obtained and will give a col- 
loidal solution with hydrochloric or nitric acid; the sol appears milky white by 
fleeted light and a clear, yellow solution by transmitted light (looking through it). 

9. Potassium Azide, KN 3 , gives in faintly acid solutions a precipi- 
tate of hydroxide or of basic thorium azide with evolution of hydrazoic 
QOld * 

Th^-^ + 4 Na" + 4 H 2 O -> Th(OH )4 + 4 HN 3 
According to Dennis* this is a characteristic reaction of thorium but 


* Z. anal. Chem., 34, 82. 
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according to Curtins* zirconium also gives the test in the cold and 

yttrium on boiling. ... 

10. Potassium Ferrocyanide gives a while prenpitate m neutral or 

faintly acid solutions; in the former ease the test is sensitive. 

11. Potassium Hydroxide and Chlorine do not dissolve thoria. 

12. Potassium lodate gives a bulky, white precipitate of 

even when 50 per cent by volume of eom-entrated nitric acid is present ; 
chloride must be absent. Zirconium and <iuadrivalent cerium are pre- 
cipitated similarly, but the iodates of tlie trivalent rare earths are readily 
dissolved by nitric acid. This is a sensitive te.^t for thonnin the pi<‘- 

cipitate may be freed from traces of othi'i iodate / r 

by treating with a few milliliters of a hot solntion of 4 g KIO 3 ni .>t)() .nl of 

13. Potassium Sulfate precipitates K^ThtStbiV. ■ - ITO dini.u 

soluble in water and insoluble in eoneei it rated b ■'-o utioii ( i in lui 

from Y). The corresponding sodium eompoun.l i< fairly s(.lul>le m watei 

14. Sodium Hypophosphate, NallPO... pn»du.-es a w nti-. lloeeulen 
precipitate of tiiorium hypojdiosphatc by boiling m u pu.<mi 

considerable hydrochloric acid. , 

15. Sodium Thiosulfate pivcipitates all tiu' thorium on >oi mg. 

There are no characteri.stic dry narlums. 

HAFNIUM, Hf. At. Wt. 178.6, At. No. 72 

This element belongs to the fourtl. inoup ‘ Y/j;; VC b^.' i ^ 

zirconium, which it resemble.-^ most clox-ls. uinl . > , i, 

the aid of lliintgen ruy speelra, in nertilv nil zn fomiiiii -j Hi I ,, 



• Ilfid., 38, 49. 
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By rare earths is understood a group of oxides which are obtained in hydrated form 
as gelatinous precipitates upon adding ammonium hydroxide or caustic alkali to a 
solution of their salts. In the periodic table, the rare earth metals are numbered 
21 scandium, Sc; 39 j’ttrium, Y; 57 lanthanum, La; 58 cerium, Ce; 59 praseo- 
dymium, Pr; 60 neodymium, Nd; 61 illinium, II; 62 samarium, Sm; 63 europium, Eu; 
64 gadolinium, Gd; 65 terbium, Tb; 66 dj^prosium, Dy; 67 holmium, Ho; 68 
erbium, Er; 69 thulium, Tm; 70 ytterbium, Yb; and 71 lutecium, Lu. 

These elements do not fit very well into the families or groups of the periodic 
classification. Moreover, their chemical and physical characteristics are so similar 
that it is, as a rule, impossible to separate one of these rare earths from its neighbora 
in the above arrangement by a single precipitation. 

Pre\ious editions of this book have classified these elements into two groups: 
(a) the gadoliuite or yttrium earth metals — scandium, yttrium, europium, gado- 
linium, terbium, holmium, erbium, thulium, ytterbium, and lutecium, and (6) the 
ccrite metals — cerium, lanthanum, praseodjTnium, neodymium, and samarium. 

The gadoliuite metals, or yttrium earths, constitute a group of trivalent ele- 
ments that occur as silicates in the minerals gadolinite and rowlandite, as phos- 
phates in xenotime, and as niobates in euxenite, yttrotantalite, and certain other rare 
minerals. In these minerals the elements scandium, yttrium, europium, gado- 
linium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, and lutecium 
jireponderate over certain other rare elements which occur with them and which are 
markedly different in their chemical behavior, namely, the ceritc meUds. Of all the 
elements in the group, yttrium and then erbium occur in the largest quantities and 
may be regarded as the two most important elements. Scandium, however, is also 
quite widely distributed and has been found recently in certain tungsten and tin 
ore-s. The remaining elements are extremely rare in occurrence. In occurrence 
and chemical properties europium, gadolinium, and terbium are very similar; so are 
dy.'iprosium, holmium, erbium, and thulium as well as ytterbium and lutecium. 

The ccrite metals occur to some extent in the minerals just mentioned. Cerium 
it.>^clf is the most abundant and most important element of the entire rare earth group. 
Tlic cerite metals occur in laiger quantities as silicates in the minerals cente, 
ILCafCcAOiSijOij, and orthite (ullanitc), HCajCejSijOu, as phosphates in monazite, 
as columbates and tantalates in o'sehymte, as fluoride in fluorcerite, and in a number 
of rarer minerals of similar composition. 

The best way of attacking the minerals is by treatment with concentrated sulfuric 
acid. The silicates cerite, orthite, and gadolinite can be decomposed by repeated 
evaporation with stnmg hydrochloric acid. The phosphates (monazite, xenotime, 
etc.), are not decomposed well by hydrochloric acid; after heating with concen- 
trated sulfuric acid, some of the excess sulfuric acid should be volatilized and the 
moist mass stirred slowly into cold water. The columbates, tantalates, and titauates 
(fergu-sonite, ouxenite, asschjmite, etc.), are best fused with five or six times as much 
sodium acid sulfate; after cooling the melt, a few drops of concentrated acid are 
added to replace that lost by volatilization and the solid is tlien treated with water 
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which causes the separation of columbic and tautal.c acds Hydrofluonc acad also o 
XtTaling most of these minerals, the action taking place even when cold. 
theXth lids go into solution, and the earth fluorides are left undissolved. 

and phosphates are aL‘«o insoluble in water. r *k« ..liiondes or 

The metals themselves are obtained by electrolysis he fu ^ h ^ ” 

fluorides. They are wliite or pale yellow and '"■'■ly atah e m he ain _ri.c ilemi^, 

lies between (i.1.5 (la.ithanu.ii) and 7.7 „,„^ncsiii,n. 

are good reducing agents and have ' X",,! In the impure state it is a gray 

Yttrium itself has not been olilained per tlj , . 

r':^ tr^lylTof Sd sodm: Utrium Chloride or by 

XXhJXiX t'lliniThoric. it g^cs 

against steel. A pyrophoric alloy ,i,,,,„npose water .slowly and 

metabi all burn in oxygen and Rive u bri^iit i-, 

dissolve rendily in arid with liberation K^Hloliniuin. yttrrbiiitn. 

The trivalent elements srandmrn 

and lutecium arc undoubtedly homoloKUi.-, stronplv bii>ir a.^ 

white. Sc*0, has weakly basic propertie.s but i^ ai...u 

^ w the elements of the gadoliiiiic 

as hydroxide and the last to decompose upoii^^^ trivslrnt tmlal 

gadolinite earth known t*. give an ^ Pla.-k .siibstanrc w hm pmr but 

apiKurs to be terl,ium. which hi.s he ..Mde ^ 

causing other oxides of the group to apjaa • |,gi,t 

titles. Heated in the n(jn-luiiiinou.s Hume, > 

and crhiuin oxide gives a strong green light- livcli..lv/e.l even when 

Kxcepting scundiuin, the salts of these nie .IS th..nuii. 

the acid in weak. The tendency to form I ; . I>'irtH*uluih iinpoihint 

and zirconium but greater than that of t ‘ Y|V|rn u«er so of 1 he double 

for separating yttrium earths from cen e ‘ ,..,npcratmcs. 'I he 

sulfates. It is difTieult to obtain doubli. m |„.ale<I to 11*0 l.ise water 

chlorides crystallize with six molecules of ^ “ ..hi.,ii<l,..s of tla- VOC'l 
and hydrochloric acid and arc c(»nverted • ,.hlorides of the <'erite 

type. The chlorides are more soluble m h„t yttiium and semi- 

n^etala. The anhydrou>i el ilo rides are not < 

dium form the most volatile chlorides of the of the oxalates 

In the cerite eoriee a mixture of , he Ti.iil i.iiiy be rcgiir.lci im 

from one of the typical minerals, hits a br , ^ aridiv eonstitu- 

emtaining salts of the trivalent mctal-s ,,,,,vn to form a stable 

cnt. the latter being the only rncml>er of the g 1 temperatures the 

oxide or salt that contains other than fn,- are they are slightly 

oxides become crystalline, and at the tempera oxi<les of the yttrium 

vrdatile. The oxides dissolve in .reatment, the ignited 

senes, and although the solubility m J ^ CVO,. is present . 

oxides dissolve in acid unices more than 50 -oo p^' 
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The cerite earths form strong bases and set free ammonia from ammonium salts even 
when cold. Lanthanum hydroxide is about as basic as calcium hydroxide, but the 
basicity decreases in the following order — trivalent cerium, praseodymium, neo- 
dymium, samarium. Quadrivalent cerium forms an amphoteric hydroxide, and its 
basicity lies between that of the hydroxides of zirconium and thorium. 

The chlorides of these trivalent elements usually crystallize with six molecules 
of water; praseodymium chloride, however, hxs seven molecules of water of cr}*s- 
tallizatio’n. The nitrates also crystallize with six molecules of water. They form 
double salts of the type R(NO,)j • 2 NH.NOa • 6 H.O; the stability and insolubility 
of the salt decrease with rise in atomic weight from lanthanum to samarium. Upon 
heating the chlorides or nitrate.s, insoluble basic salts, ROX, are formed (difference 
from yttrium earths); the salts of the metals with low atomic weight are the most 

.stable. 

The jjulfates cry.stallize with four, eight, nine, or twelve molecules of water. Heat- 
ing them to 400’ or oOO’ cau<e.s the formation of anhydrous sulfates which dissolve 
freely in ice water. The concentrated solutioiis thus formed are, at room tempera- 
ture, supersaturated with respect to certain of the hydrated salts which separate out 
nil standing or on agitating the sidutkm.s. The solubility of these hydrated sulfates 
usually dimini.-shes with rise of temperature. Tliis property is sometimes utilized 
for separating rare earth.s from other element.^. 

The earlK)nate.« *»f llie cerite metals di-'^solvc more or less readily in concentrated 
s(.luti(m.s of (NlI,^:COj, Na/’Oo, and KjCOj, forming difficultly soluble double salts 
nf which tlie pntiuisium compounds are much more soluble than those with sodium 
or aminnnium. Cautious dilution of the potassium carbonate solution causes pre- 
cipitation of the cr>>tallinc doultlc carbonates in the order La, Pr, Ce, Nd; the 
lanthanum double carbonate is fiisl to precipitate, but it is prone to form supersatu- 
rateil solutions. 

Of the cerite scries, the most basic element, lanthanum, gives the most soluble 
oxalate. 

SCANDIUM, Sc. At. Wt. 46.10, At. No. 21 

Tin.' element is foiiinl as-oriatc<l with other rare earths ns well as in ores of tin, tung- 
sten. and zircoiiiiiiii. Its pri>pcrties were predicted (“ eka-horon ”) by Mcndelejeff 
prior to its di'cc .vio v hy in IsTh. It lielongs in the boron-aluminum family 

of tlie periodic 'vstem. but its salts also re.senible those of bivalent beryllium and 
(luadrivalcnt thorium ainl zirconium. Its salts arc exsily hydrolyzed. 

For the purilicatitin of scaiidiiiin salts the difficultly soluble Sca(SOi)j • 3 KjSOi, 
■ 4 Xad'th - <'• Il.th or SeFj is prepared; the last-mentioned salt is quite 
soluble in concent latcil alkali Ihioiwlc solutions, forming double fluorides such as 
Nllv''cl'',, so that it is ca'V to remove scandium fluorides from the fluorides of the 
oth'T rare earths. The oxalate, Sc; t'jibh • o ri;0, is much more soluble in dilute 
iimuTal acids than the other rare cartli oxalates and is precipitated fairly completely 
(.iilv by tlie addition of a large ex<'c.«s of oxalic acid to an acid solution; an excess of 
alkali oxahito dissolves the scandium oxalate precipitate. 

[.ike zirconium and thorium, scandium hydroxide is precipitated by boiling with 
sodium thio'ulfate sohitii>n whicli also <U(Terentiatcs this element from the other 
rare earths. 

Scandium, like titanium, <'an bo separated completely from zirconium by adding 
hvdrogen peroxiilo and sodium phospliato to an acid solution: ZrllPOi is precipitated 
while Sc and Ti remain dissolved. When the solution is subsequently treated with 
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suiate to destroy the hydrogen peroxide, scandium is likely to precipitate with the 

TiHP04 although its phosphate is much more soluble. r o. tbc nrul 

‘‘‘sZSuTrs norprl“p^l\^ thorium or quadrivalent 

iodate in the presence of fairly strong nitnc acd, unless more than 30 mg 

1 *■ MH SeF i« fumed with concentrated sulfuric acid, Se.(S(),)i 

When a solution of 4 - fr<^tn titanium and zirconium 

separates out. This behavior distinguit' ics st witei the Sej(S 04 )i pas.ses 

but not from other rare earths. By diluting w i t u forineil Ifthisis 

into solution, and by the addition of KII 4 OH. .n.ohib e ^ 

dissolved in IICl and the SeCU solution it^i^.l-'earth lluondei by 

a precipitate of ScFs which can he <h^tl^^ ^ 
iU solubility iu acid ammonium iluonde solution. 

Yttrium, Y. At. Wt. 88.92, At. No. 39 

Density 

Occurrence. - Yttrium is un inu-riu.d cnnsli.,u;nt of ^Itnaolinim^ 

Y,0a.3 (Be,F 0 )O .2 SiO. an,l of '/.vrorolmolK;.,' . TIu. 

morphous mixture of yttrum. p> . • ■ • ' ; 

vz::: . no. - 

"t^';^ar;d:f::rtt‘yur:euri,. a,.. - 

between that of the alkaliue earll. aod alummum . [„llowioK 

the most basic, and piobalily tie' Ollier., can II giou e 

order: gadolinium, terbium, erbium, > 

mg to the somewhat different po.ilioii , iiioiv . lo.i lv 

able tliat the elements belwei-u yltriuni and -'oiidniiu • ' 'o^ 

related to one another and for and 

respects is similar to herylinmi and i ^ 1^ o- 

zirconium. In tlic fractional pieeipil.i . 

Hition of the nitrates i,y ignition. and tlie last 

of properties — yttrium is alwins " ' ^ is mi, ally 

to decompose. Its separation fion. Hi ■ ;,..,|.i,,|,lv ,i, 1, in yUiiiim. 

baKod upon the fuet lliat the hisl frui'tu.iii?' *1 

. ( ,}„. ^o-c.-ill<-tt iilfiiu"! I'liOis. 

Yttrium oxide, Y,0,, is the prim-ip.'il „,i.iil pM-.ipitiiti.Hi by 

It is more basic thun the utlier yttrium cm ^ ^Mtniin i' >h<‘ Ini'* t”''* 

bases, or in tlie decoiiiposilion of the nitrii1c» *> »gui i ' • li<.\\.-vcr, air rtiiiiinon 

cipitiite and the last to dccanii>oriC. '1 he ^ .s,,|iiti..n <4 V(NO,), 

to all the yttrium eartliH except us noU-d. B a^.-unu<l tha 

U used. 
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Reactions m the Wet Way 

1. HF produces white amorphous YFs, which becomes pulverulent on warming 
and is insoluble in water and in HF (difference from Al, Be, Ur, and Ti). 

The precipitate is soluble in mineral acids if it has not been Ignited; after strong 
heating it is less soluble. 

Scandium fluoride is not dissolved much by concentrated hydrochloric acid, and 
after being ignited it requires concentrated sulfuric acid to attack it. Scandium 
fluoride, like zirconium fluoride, forms easily soluble double fluorides and thus differs 
from the other rare earth fluorides. 

2. HIOj or KlOa gives a precipitate that is readily soluble in nitric acid even in 
the presence of an excess of the precipitant (difference from thorium and zirconium). 

3. HiOj in alkaline solution causes the formation of gelatinous, very unstable 
hydrated peroxide Y(0 • OH)(OH)i. 

4. KjCOj and NajCOs precipitate the white carbonate, readily soluble in excess; 
after standing some time an insoluble double salt separates out. 

The solubility of the carbonate in excess of the precipitant is much greater than 
that of the cerite earths, and this serves as a basis of separation. Yttrium carbonate 
dissolves more readily in potassium bicarbonate and in ammonium carbonate than 
in normal potjxssium carbonate, but the solubility is not as great as that of the corre- 
sponding beryllium precipitate. 

Erbium behaves like yttrium, only the solution does not become turbid on standing. 

KOH and NaOH precipitate the white hydroxide, insoluble in an excess; 
the presence of tartaric acid docs not prevent precipitation, but in this case yttrium 
tartrate is precipitated (difference from .‘VI, Be, Th, and Zr). On igniting the pre- 
cipitate, the oxide is obtained, which is readily soluble in acids. 

The hydroxides precipitated from hot solutions are gelatinous but easy to filter; 
from cold solutions they are slimy and hard to wash. The hydroxides of yttrium and 
of erbium absorb carbon dioxide from the air. 

0 . KjSOi forms a double salt which is soluble in K 2 SO 4 solution (difference from 
Zr, Th. Ce, La, Nd, and Pr). 

Within the group of yttrium earths (disregarding the very slightly soluble scan- 
dium double sulfate) the double sulfates of europium, gadolinium, and terbium are the 
lca.st soluble; they occupy a position iutermediate between the cerite earths and the 
other yttrium earths. 

7. (NH 4 )sCOj produces a white precipitate of the carbonate, readily soluble in 
ail excess of the reagent; after standing some time the solution becomes turbid, 
owing to the deiwsitiou of a double salt, YsfCOj)^ • 2 (NH 4 )jCOs • 2 HjO. 

With erbium the solution di>es not Ijocome turbid on standing. 

Tlic solution of the pure hydroxide dissolved in excess of ammonium carbonate 
gives complete precipitation upon boiling, but if ammonium chloride is present it 
serves to decompose the precipitate upon further boiling, with liberation of ammonia, 
and the yttrium goes back into solution. 

8. NH4OH and (NH4 )jS precipitate the white hydroxide, insoluble in an excess. 

In the presence of tartaric or citric acid no hydroxide is precipitated but the addi- 
tion of ammonium hydroxide to a tartaric acid solution causes the formation of a 
white flocculent precipitate of ammonium double tartrate. 

9. NaHPOs • 2 H;0 does not give a precipitate in strong hydrocldoric acid solu- 
tions (difference from thorium). 

The absorption spectra are especially important in the examination of this group 
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of metals, furnishing, in fact, about the only means of 

bv fractionation. The most important bands for erbium he at 623, 487. 450, 
and 442 m^; for dysprosium at 753, 475, 451.5, 427.5 m^. \ttnum solutions do 

not give an absorption spectrum. - , , t-, 

The color of the oxides and salts often helps to identify those elements. Thus 

erbium oxide Ls pink, and so are tlie solutions of its salts. Europium salts are slightly 

pink but salts of holmium are distinctly so. Salts of dysprosium and thulium are 

light green or bluish green. The oxides and salts of the remaining metals are white 

or colorless. 

10. Na-SjOs does not cau.se precipitation in a Ixnling .solution. 

Scandium* is the only member of the yttrium group to liehuve like aluminum, 

thorium, titanium, and zirconium. .... ,.«• ,.i . 

11. Oxalic Acid precipitates white yttrium ox.alate. insoluble in an excess, dithcultlv 

soluble in HCl, and pcrceptilily soluble in arnuumiiiin oxalate. 

In erbium solutions, oxalic acid iiroduces a light rf^l, pulverulent precipitate; 
otherwise the reaction is the same as with yttrium. This is an important (•hara<-teris- 
tic of the entire group of rare earths (except zirconium) which serves to dislingui>h 
them from ahiminuin and borvllium. The solubility of the yttrium earth oxalates 
is, ill general, greater than that of the ccrite earth.s, and, by boiling witli concciitruted 
alkali oxalate, the vttriuin earth oxalates, particularly scandium oxalate, di.-solve 
more readily than the oxalates of the ccrite group; upon diluting and cooling llierc 
is usually complete reprecipitutiori (iliffercnce from thorium). 


Heactions in l/ie Dry Vay 

Yttrium oxide is strongly luminous on being heated; otherwise there Is no reaction. 

Erbium oxide, on being heated on a platinum wire, colors the finmo distinctly 
green. U the light is viewed through a spectroscope, u number of bright lines will 
be seen in the ilark green which appro.ximutc closely in position to the dark hne.s 
olituined in the absorption spectrum. 


EUROPIUM, Eu. At. Wt. 152.0, At No. 63 

This clement occurs to the extent of about 0.002 r^er cent in inon.izite sand. In 
its properties it lies between sainuriuin (of the ccrite group) and gadolinium, although 
this wouhi not be indicatc<l by the atomic weighLs. A pure salt has been obtamcil 
by recrystulli/ing the inagne.sium-l.i.smuth-europium triple nifrale. I he oxide. 

ami the salts are pink. The ab.soiption siKTtnim is n-lutively weak showing 
lines at X = .'370. .520, 400-303, 370-374. 301-301 nm. Europium ami sainaniim both 
form bivalent chlorides by heating the trivulcnt chloride in dry hydrog.'n. 


Gadolinium, Gd. At. Wt 166.9, At. No. 64 

Halts of this element are hard to differentiate from those of eurojiium and tei biuin; 
even the separation by parliiU decomposition of the ignitcl nitrates or l.y i.ieaus of 

tnagnesium bismuth complex nitrates is dillieult. 

The oxide and its salts are cr.lorless; in the speetrum tliere are h.ur strong absorp- 
tion bumis in the ultraviolet at X=3U. 300, 30.5.5, and 30.5 iim- Gudolinium o.xi.le 
is almost us strongly basic as YjOj. 


( 


t 
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Terbium, Tb. At. Wt 159.2, At No. 65 

This element was isolated from the other rare earths by Urbain, by crystallizing 
repeatedly the bismuth double nitrate and the ethylsulfate compound. The oxide, 
TbjOj, is white and the solutions are colorless although when concentrated they show 
a weak absorption band at X = 488 The higher oxide, TbOi, is black when pure 
but is yellow or cinnamon brown when impure. Brauner has suggested that this 
element is allied to cerium and thorium. 

DYSPROSIUM, Dy. At. Wt. 162.46, At No. 66 

This element has been separated by crj-stallization of the ethylsulfate compound 
and of the bismuth nitrate double salt. The colorless oxide, I^sO» forms greenish 
yellow salts which show diffuse absorption bands at X = 763, 475, 451, and 427 m/i. 

HOLMIUM, Ho. At Wt 163.6, At No. 67 

A pure salt of this element has been prepared by crystallizing the m-nitrobenzene- 
sulfonate. The oxide Ho*Oj is pale yellow and the salts are light orange in color. 
The principal absorption bands lie at X = 639-640, 536, 486-485, 453-449, 420-417 m#i. 

ERBIUM, Er. At. Wt. 167.64, At No. 68 

This element was separated in 1908 by Hofmann from the weakly basic portions 
of the yttrium earths by combining the operations of (o) decomposition of the nitrates 
l)y ignition, (1)) formate crystallization, (c) ethylsulfate crj’stallization, etc. The 
oxide EriOa has a beautiful, delicate pink color, and so have the salts. There is a 
very beautiful absorption spectrum at X = 653-651, 541, 523, 491-487, 453—450; 
at 420 mfx a weaker band is visible. 

THULIUM, Tm. At. Wt. 169.4, At. No. 69 

This clement lies between erbium and ytterbium with respect to its basic nature; 
it has been prepared by fractional precipitation of the bromate. The salts ore bluish 
green in color and show absorption stripes at X = 702, 684, and 464 m/i. 

Ytterbium, Yb. At. Wt. 173.04, At. No. 70 

In the weakest basic part of the yttrium earths, this and the following element are 
found. They have been isolated as pure salts by fractionation of the ammonium 
double oxalate and by repented crystallization of the nitrate in nitric acid solution. 
The element Los also been called aldcbaranium. 

Lutecium, Lu. At. Wt. 176.0, At. No. 71 

Salts of this element are obtained as explained under ytterbium. It has been called 
cassiopeium. 

CERIUM, Ce. At. Wt. 140.13, At. No. 68 

Density 6.9. M. P. 640“ 

Cerium forms two oxides, Cc-0, and CeOij the former is basic and the latter is 
amphoteric. The cerous salts are white; the ceric, orange-red. The cerous solu- 
tions are colorless and have a sweet but astringent taste. 
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A. Cerous Salts 

Reactions in the ffet Way 
A solution of cerous nitrate, Ce(NOr>., should be used. 

1 Bromine behaves like chlorine except that an excess of this oxidiz- 
ing agent does not dissolve the precipitate. (Difference from lantha- 

"T Chlo‘ltaC-'lf a cerous salt is treated with an 

droxide and then with chlorine gas, a yellow precipitate of CeO, • 3 

is obtained If the chlorine gas is passed thiougli the solution for a long 

‘t ' ^::;;:"u" lightly add solutions of cerous salts 

a gdatinous precipitate which by long digestion with the hot solution 
gradually becomes pulverulent. The precipitate of CeFr ■ HiO is prac- 
tically insoluhle in water and dilute hydrolluoric acid, Imt fairly solutilc 

in other mineral acids (difference from Al, Be, Zr, and Ti). 

4 HrO.. — If a cerous salt is precipitated with ammonia and an excess 

of H.Oi is added, a redtlish brown preci|)itate of perccnc hydroxide, 

CeCValljO or [Ce(OH),, • O ■ OH(?)l, is formed, winch is not veiy 

stable. On boiling the mixture for a while, tl.e "f and the 

precipitate both decompose, leaving pure yellow Ce(Oll),. 

Tliis can be made a very delicate test fur traces „t cerium in rare eartl. solntinns 
t II, a-s- Add the and very dilute ammunia, ilrop by diop, to tlie ni utral i r 

^i U y cid s lut n ".’tii’a slight .a-rmanent precipitate is fnrmcd If Cc ts picscn 
Z eel U basic perceric hydroxide is thrown out lirst ns a rchhsh brown precipitate, 
, 1 . 0^0 o Ce the precipitate is bliibh white.* A sensitive alnniii.tive pro- 

in the alisen. a. ijy excrCss of an iilkiili ucetiitc mid warm tlio solution 

a:~t:;L::tcs out ns reddish brown h„s,c p.ror.,i ,. 0 , 0 . 

'* H o'^clTc uwdl. color tests tor traces of cerium. If an excess of wariii, very 
soncentraUid carbonate is added U, a rare earth so uti.iii niiti ‘'n ‘;‘ 

pmcipitate red^-;;*^;;; -'i;;;™ dlli^tn Idh the 

- a:.";— S-:,r:;=irr:::£ 

air through it. but then the final product is «nc pula^.^ium curUonalc and th . . 


• Mare, Tier., 36, 2370 (1902). 

t Hartley, J . Chem. Soc. 41, 202 (1882). 

t Job, Compt. rcfid., 126, 210 (1808); U. J. Meyer. 


Z. unorg. ('/icm.. 41, 01 


( 1 001 ). 
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tion turns yellow whatever the proportion of cerium may be. The first action of the 
air is to oxidize part of the cerium to the perceric stage; but the perceric salt im- 
mediately reacts wth unchanged cerous salt to form ceric salt, which is stable 
toward oxygen. 

Instead of using potassium carbonate, an excess of tartaric acid may be added to a 
rare earth solution, followed by ammonia. When this solution is boiled in contact 
with air, it turns yellow to brown in color if traces of cerium are present; the oxida- 
tion of the cerium is more rapidly effected by the addition of a little HjOz.* 

5. K2CO3 or (NH4)2C03 produces a white precipitate insoluble in an 
excess of the reagent. The precipitate is amorphous at first but grad- 
ually becomes crystalline. In concentrated solutions of alkali car- 
bonates, very slightly soluble double salts are formed, the potassium 
salt being the most soluble. 

6. K2SO4. — If a neutral solution of cerous salt is treated with solid 
K2SO4 until no more is dissolved, 062(804)3* 3 K2SO4, a crystalline pre- 
cipitate is slowly formed at room temperature, or more quickly on 
heating. All the cerium can be precipitated in this way, since the double 
sulfate is insoluble in concentrated potassium sulfate solution, but it is 
slightly soluble in pure water and more readily in acids. From slightly 
acid solutions, cerium can be completely precipitated with K2SO4 as 
002(804)3*2 K2 SOi* 2 H2O. (Difference from Al, Be, and yttrium 
earths.) 

Na2S04 behaves similarly (difference from Th and Zr). 

7. NaOH or KOH also precipitates white Ce(0H)3, even in the 
presence of tartaric acid, etc. The white Oe(OH)3 becomes yellow 
gradually on standing in the air, on account of being oxidized to 
Oe(OH)4. 

8. Na-jS-Os gives no precipitate even in boiling solutions of cerous 
salts. 

9. NHjOH and (NH4).;S each produces a white precipitate of 
Oe(OH)3, insoluble in an excess of the reagent, but readily soluble in 
acids. The white Ce(OH)3 becomes a bluish gray, bluish violet, and 
finally yellow on standing in the air, as it slowly oxidizes to Ce(OH)4. 
In the presence of tartaric and citric acids, etc., the above reagents 
cause no precipitation (difference from Y). 

10. Oxalic Acid or Ammonium Oxalate precipitates white cerous 
oxalate, insoluble in an excess of the reagent, and in dilute mineral acids. 
On ignition, pale j^ellow, insoluble Ce02 is formed.f 

• Wirth, Chem. Zeit., 37, 773 (1913). 

t Only when the cerous oxalate is pure. If it contains traces of praseodymium, 
the C)eOj will have a deep yellow, terra-cott*, or salmon-pink tint; with larger 
amounts of praseodymium, the color becomes cinnamon-brown. 
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11 Oxidation. — Cerou5 salts can be oxidized to ceric salts m acid 
solutions (a) by beating with PbO. and HNO3 (1 : 2 ); ( 5 ) by heating 

with ammonium persulfate; (c) by electrolysis; (d)byNaBi03. In all 
cases, the solution becomes yellow or orange in color, 

B, Ceric Salts 

A solution of orange-red ceric nitrate, Ce(N03)i, or ceric ammonium 
nitrate Ce(NH4)2 (N03)6 • H3O, can be used for the following reactions. 
Ceric sulfate is yellow and yields a deep yellow solution; the phospliato 
and iodate are also yellow. Recently ceric sulfate has been advocated 
as an oxidizing agent to be used in place of KMn04 or KoCr, 0 :. In 
the quadrivalent state, cerium is very easily reduced, even by hot hy- 
drochloric acid solutions. 

Preparation of Ceric Compounds. - As h«.s been nlready staled cero.L. hydroxide 
on standing in the air gradually turns yellow, on account of the forinafum of c^‘r.c 
hydroxide. ThLs oxidation takes place immediately on the addition of chlorine or 
hypochlorite. If the solution of a ccroiLs salt is treated with caustic 
tion and chlorine is conducted into it. the white ceroas hy.lroMde which sas at 
fii^a formed is <iuickly changed to light yellow eerie hydroxuie. I liis di^^oKe. m 
dhutc adds, forming orange solutions. It dLssolves in concentrated hydniehloric 
acid with eviilution of chlorine, forming ctrous chloride. If white ceious ^ 

i« heated in the air, it loses water and is changed mtn CeO,, which i.-, near > » h 
when cold, dark orange when hot. and is almost entirely msoluhle . 1 . ‘ * 

hydrochloric and nitric acids. In the presence of reducing substances (such KI. 
FeSO*, etc.) it dissolves in acitLs, forming cerous salts: 

2 CeO, + 8 HCl + 2 KI ^2 KCl -|- 4 11,0 + 1, + 2 C'eCb 

U CcO. b. heated Kei.tly with a aliRhl exce-ss of eoneentrated M.lfurie add, it ix 
eonverted quantitatively \o eerie aulfate, Ce(«).)o This is, ..erhaps, ho ,„„st 
cxmvonicnl way hi prepare a s<.lutioii of eerie salt. If the i.eatmg takes plaee uith 
considerable sulfuric acid at its boiling point, decomp-iMtioi. results and «-eioUs sul- 
fate is formed with liberation of oxygen. A eerie solution can also be prep.ned > 
oxidizing the nitric acid solution with sodium bisimithate in tin lohl. 

If a .nixture of oerous an.l i.ntsoodyiniun, liydroxulos i.s iKUitcal in a 

,.,onK,oloro.l .naa, is ol.taiued, wl.iel. eontains all tl.e oonu... 

aolul.le in dilute aoids, for.niuK eerie salts. If eoneonl rated K 1 is I' ^ ' 

evohlti.,., of ehlorine. the ceric salt lH-i„B rodneed to 

iiitrie acid dissolves it, foriniiig cerous and eerie .salts; a dtstinet ctolula.i. of ox>pt 

'“rhlTVeiV^: thru!;, l-rowu . 0 , 0 . containing a li.ile d;-.;ves 

although the pure oxide does not. is probably tlrnt CeO,. 

pp. 21‘J and 111), plays tbe part of an acid anhydride so th.i 

contains the praseodymium us the salt of ceric aeid. n rta ■ • 

stronger acid, the praseodymium salt of the latter Ls formed se Umg ‘ * 

(eerie hydroxide), which in the hydrated form Ls readily soluble in acids, h.rmi g 

wtic BulU. 
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Basic Ceric Salts. — If a solution of ceric nitrate is evaporated on the water bath 
to a consistency of sirup, the mass dissolves readily in water after it has become 
cold, and the solution can be boiled without becoming turbid. If, however, a little 
nitric acid is added, a yellow precipitate is formed immediately, consisting of basic 
ceric nitrate; on the addition of more acid the precipitate redissolves. This can 
be explained as follows: By treating the solution of ceric nitrate with considerable 
water it becomes hydrolyzed, but the basic salt produced is present in the hydrosol 
state and is changed by the acid into the hydrogd form. 

Since lanthanum, noodj’mium, and praseodymium salts do not yield basic salts 
under these conditions, this property can be used for separating (»rium from these 
metals. - 

It is characteristic of cerium to form with ammonium nitrate an easily crystal- 
lizable salt, ceric ammonium nitrate: Ce(NOj )4 • 2 NH 4 NOJ • HjO. 

All ceric salts may be readily reduced by the ordinary reducing agents (alcohol, 
HI, SOs, HiS, HNOj, HiOj, etc.) to cerous salts. 

Reactions in the fTet Way 

1. Alkali Hydroxide or Ammonia precipitates yellow, shiny ceric 
hydroxide, Co(OH) 4 . It dissolves in nitric acid giving a red solution 
but with hydrochloric acid chlorine is evolved and cerous chloride is 
formed; 

2 Ce(OH)4 + 8 H+ + 2 CP -> 2 Ce^ + CU T + 8 H^O 

Ceric hydroxide is a weak base, and ceric salts ore unstable and easily reduced in 
acid solutions. Ceric chloride is known only in solution, and it decomposes easily 
like manganic chloride. 

Ceric hydroxide dissolves in sulfuric acid giWng a mixture of cerous and ceric 
sulfates. Dry ceric sulfate is known, and crystals of it with four molecules of water 
can be obtained, but heating in sulfuric acid solutions causes decomposition: 

4 Ce(S04)2 + 2 11,0 -* 2 Ce,(304)s + 2 H,S04 + O, t 

2. Ammonium Nitrate in concentrated nitric acid solution gives a 
relatively insoluble double nitrate, Ce(NH 4 ) 2 (N 03 ) 6 . The other cerite 
metals form double nit rales much more soluble in nitric acid. 

3. Hydrogen Pero.xide reduces acid solutions of ceric salts: 

2 -f IP02 -> 2 Ce+++ + 2 H+ + O2 T 

4. Oxalic Acid added to a concentrated solution of a ceric salt at 
first forms a dirty orange precipitate which gradually becomes yellow 
and gelatinous a.s tlie addition of oxalic acid is continued, and finally 
becomes crystalline. The precipitate dissolves in a large excess of oxalic 
acid, but the solution graduallj' becomes turbid in the cold, or more 
quickly on heating, since tlic ceric salt is reduced to cerous salt at the 
expense of the oxalic acid from which carbon dioxide is evolved. Finally 
all the cerium will be precipitated as cerous o.xalate. (Difference from 
La, Pr and Nd and the yttrium earths.) 

Ammonium Oxalate behaves similarly. 
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Reactions in the Dry ay 

The bovax bead is colored dark brown when hot and light yellow to 
colorless when cold, after being heated in the oxidizing flame. In tlie 
ducing flame the bead becomes colorless, althougli strongly ignited CeOs 
will remain suspended in the bead, giving it a turbid yellowish appear- 

aiice. 

Lanthanum, La. At. Wt. 138.92, At. No. 57 

Density C.IC. M. P. 826^ 


Lanthanum forms only one oxide.* La,0,. which, even after beinc strongly ig- 
nited dissolves readily in acids. Its salts are colorless and yield no absorption spei - 
train, so that lanthanum may be distinguished in this way from praseodymium, noo- 
dymium. and erbium. The arc spectrum, however, shows charueteristic line, in the 
violet and ultra-violet part. It is the most basic of the crnle earths. 1 he o.M.le i, 
white when pure and resembles calcium oxide (lime) in its behavior toward water and 
toward carbon dioxide. The sulfate, ■ « lUO. ^l>«nngly m waiter 

the aniujdrouH sulfate dis.solvcs much more rca.hly m loe water (c . p. he 

presence of phosphoric acid makes these .sulfates more soluble; thus cerite nUumi 
T urned with sulfuric acid will dissolve quite eitsily in w.ater at the room tcmi,erature. 


Reactions in the ct JT ay 

A solution of lanthanum nitrate, La(NOi)i, should lx* u-sed. 

1 Alkali Hydroxides precipitate the white hytlroxiile, La(OH)3. 
There is no change to be noticed on treating witli oxidizing agents 
(difference from Ce). La(OH)a is .‘Soluble enough in water to turn red 
litmus paper blue, and it decomposes ammonium .salts on wanning \\ith 
evolution of ammonia. The fused o.xide is readily soluble m aeuls. 

2 HF precipitates white gelatinous lanthanum fluoride, ulueh 
eventually becomes crystalline Lal-'a ■ 3 II.O; the p,eei,,.tate i.s m.soi- 
ublc in an excess of the precipitant and m dilute aeul, it i.s giadual > 

dissolved by strong mineral ai-ids. 

3 Iodine. — If ain.nonia is udded to a cold, .hliiic acetic acid solu- 
tion of a lunthanum salt, and flic slimy pn-cipitatc is washed ivitli 
water and tlien treated with solid iodine, the whole mass Kiaduall.t a-s- 
eirmcs a blue color which is similar to that produced by the uclion o 
iodine upon stareli. The blue color is destroyed by the addition of 

acids or alkalies. . 

This property is unreliable as a test for La in rare earth nnxU.rc^ 

because praseodymium Rives a bluish violet cninr un.ler siiin ar cnndi- 

tions and eerium, tlirougb atmosplicric oxidation, al.sn tin ns l,lni.-li Ri.i.t 

to bluish violet. 


• HjOjisaaid t« caui>e the formation of La^O*. Cf. Z anoro. ( hnu . 21. 70 (1S.)9). 
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4. K2SO4 precipitates white, cr3rstallme La2(S04)3 • 3K5S04, in- 
soluble in a concentrated K2SO4 solution. 

5 . Lanthanum Sulfate, when anhydrous, dissolves readily in ice-cold 
water; on wanning the concentrated solution to 30 ® nearly all the 
lanthanum is precipitated as sparingly soluble La2(S04)3 * 9 H2O, which 
is only one-fourth as soluble as 062(804)3 with 8 and 9 H2O. 

6. (NH4)2C03 produces a white precipitate slightly soluble in an 
excess of the reagent (difference from aluminum); after standing 
some time crystalline lanthanum ammonium carbonate is pre- 
cipitated. 

7. NH 4 OH and (NH 4 ) 2 S precipitate a white basic salt which is diffi- 
cult to filter. The presence of tartaric acid prevents the precipitation 
(difference from yttrium). 

8. Na2S203 does not cause precipitation of lanthanum ions. 

9 . Oxalic Acid produces a white crj’stalline precipitate, insoluble in 
an excess of the precipitant and in ammonium oxalate, but soluble in 
dilute mineral acids (difference from Th). 

NEODYMIUM, Nd. At. Wt. 144 . 27 , At. No. 60 

Density 6.90. M. P. 840® 

Salts of this element are separated from the waste of the thorium industry in work- 
ing up monazitc ores by repeated crystallization of the magnesium and manganese 
double nitrates. The oxide NdiO» after being ignited has a light blue color when 
perfectly pure, with a weak, reddish fluorescence. Slight admiJCture of praseodymium 
or manganese produces a yellow-brown mixed color. 

Tije salts of ncodj mium are reddish violet and show a beautiful fluorescence of 
pink toward blue and vi.'ilet. This fluorescence is particularly noticeable if a salt, 
such as the oxalate, is spread out upon white paper and viewed in reflected sunlight. 
The solution of the nitrate shows in reflected light the following principal absorp- 
tions: X = 677, 578-072, 532-009, 475, 479, 427 


PRASEODYMIUM, Pr. At Wt. 140 . 92 , At No. 69 

Density 6.60. M. P. 940® 

This’element is found in about half as large quantities as neodymium in cerite 
minerals, in the fractional crj-stallization of the ammonium-magnesium complex 
nitrates, the praseodymium is found between lanthanum and neodymium. 

The name was given on account of the green colored salts whose absorption spectra 
show raa.ximums at X = 597, 592, 481, 469, and 444 m^. 

The oxide Pr20a, from which the salts are derived, is yellow but by heating in 
oxygen at 300* or by fusing nith sodium chlorate it is changed to black PrO*. 

Even small quantities of praseodymium color a mixture of cerite earths cin- 
namon brown, probably on account of the formation of a solid solution of CeO* 
and PrO:. 
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ILLINIUM, II. At. Wt. 146-148, At. No. 61 

The discovery of illinium* has completed the list of the 
named after Illinois and the University of Illhiois where most of the «ork on this 
element has been done, is probably the least abundant of al the elements ^ 

It can be detected by x-ray spectra and determined by the inagnet<vuptic metl od. 
Its properties are similar to those of other rare earths; the quantities present ui 
monazite Lidues of the gas-mantle industry or in minerals such as gadolimte are 
so small that three yearn of daily fractional precipitatioiis 
operations were insufficient to produce any J’ 

fhan yUri “ mom b.sic than samarium. The ‘‘V;; * " 
creases, as a rule, with rise in atomic number, except in the case of jttriuui. 

The order is this: 


At. No.; 57 
Symbol; La 


50 

Pr 


00 

Nd 


02 

Sid 


61 

II 


04 

Gd 


39 

Y 


GO 

Dy 


SAMARIUM, Sm. At. Wt. 150.43, At. No. 62 

. . . i\u^ rf^rito onrth croup uiul Ls soincwlint 

Samarium is tlic least ba-sic nicm ^ j 

siinilur to terbium of the yttrmm cnrtli t ( • fhoso of the otlior 

and are of the trivalent metal type. Us reactions are s ni lar 

members of the group. 'Hic .Samarium solution.^ show 

page .503, is the most soluble and ,,, 

principal absorption bunds at X - obU, , i,.,..i,iiii ind iir-iscodvmiuni. 

nmeh les. dbtiLt tlm,. tl.c absorption bonds of ncodynnuni .not p,,>.rod>nn 

THALLIUM, Tl. At. Wt. 204.39, At. No. 81 

Density ll.tl. M.P.iiOa. ii. IMboll^ 

Occurrence - Tl.allium is fmi.i'l i'> ■ "! "'"‘l" 

amount in many vari.-ti.'S .,f pyrit-, r.ml 

carnallit,ra.alsylvito,ii.n.a,,ylUl,i,,.n mn- an ti- 
lt re,jlac.« t^ si W<. to n « .|.'a.,T,).S... Ti.,.,-,. 

(crookcsitc, (A};,ll,(>u)-..S ), and in smin c of tlml- 

are no charaetcriHlic Uialliuni mini la s. r.niil'iininir tlril- 

lium Ls the dust from sulfuric acid plants when- pynlc contamm, thal 

Hum is used. , r i l soft- 

Propcrtiee.-UctMc tl.allium nrls onn of ^ _ 

ness, high density, and low incdling: p‘>* • 

'I'i, allium dissolves rea.lilv in ..itrio and sulfi.n.. 

rnadily in hydrocldoric aci.l. It fonns '-V*''''', , , 

T1.0, an.1 tballic oxid.., Tl-/).; l-olh ..n- ani.ydndos of b.u.rs, .nnl 

tliein thalloua and thallic salts un‘ dciiv« « . 


. Chem. iSW-. 48, 1585 (1920). 


• liurriH, Hopkins, and Yutema, J. .L'l 
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A. Thallous Compounds 

Thallous compounds are colorless and soluble in water as a rule. The sulfide, 
chloride, bromide, iodide, and chromate are insoluble in water. Thallous oxide is 
a dark powder; its aqueous solution reacts alkaline and absorbs carbon dioxide 
with avidity. Boiling with nitric acid does not oxidize thallous salts, but aqua regia, 
chlorine, and bromine cause the formation of trivalent thalhc salt. 

Thallium is like lead in respect to its specific gravity and to the solubility of its 
halogen compounds; but, on the other hand, it is similar to the alkalies with regard 
to the solubility and alkaline reaction of the hydroxide and carbonate, and with 
regard to its forming an insoluble chloroplatinate, an alum, and an insoluble cobalti- 

nitrite. 

Reactioas in the Wet Way 
Use a solution of thallous sulfate for the following reactions: 

1. Alkali Carbonates cause precipitation only in very concentrated 
solution.s, for thallous carbonate is fairly soluble (100 parts of water 
dissolve o parts of the salt). 

2. Alkali Chromates precipitate yellow thallous chromate, insoluble 
in cold nitric or sulfuric acid. 

'FhCrO, is more soluldc than PbCr 04 . One liter of water at 60“ will dissolve 
0.3 g of TliCrOi but only 0.1 g of PbCrO*. 

3. AlifSOOs. — If a solution of thallous sulfate is treated with alu- 
minum sulfate and the solution is then allowed to crystallize, glisten- 
ing, colorless octahedrons arc obtained of an alum, TIA 1 (S 04 ) 2 ‘ 12 H3O. 

4. HCl and HBr produce heavy precipitates of white TlCl and pale 
yellow TlBr. The chloride Is appreciably soluble in hot water, the bro- 
mide le.-^s soluble, and the iodide practically insoluble. The fluoride, on 
tlie other hand, is easily dissolved by water. 

5. H:S causes no precipitation from solutions which contain mineral 
acids; in neutral solutions, thallium is incompletely precipitated as 
black tliallous .sulfide, TljS. TUS is readily soluble in mineral acids, 
but insoluble in acetic acid and alkaline sulfides. It is oxidized readily 
on standing in tlie air to thallou.s sulfate. 

0. H-dPtCUl precipitates light yellow tliallium chloroplatinate, which 
is quite insoluble in water; 1 part dissolves in 15,000 parts of water at 
15'’ C and in 1,950 parts of water at 100° C. 

7. K 3 [Fe(CN)cl precipitates brown Tl(OH )3 in alkaline solutions: 

2 [Fe(CN)6l"' + 3 OH' + TI+ -> 2 [Fe(CN)6]" + Tl(OH)3 

8. KI precipitates yellow tliallous iodide, Til, from even dilute solu- 
tions. Unlike lead iodide, Til does not dissolve in cold sodium thiosul- 
fate .solution. 
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Til is much less soluble than Pbl,. At room temperature. 1 1 of water will dissolve 
0 61 c of Pbl . and oiilv 0.08 g of Tllj. Moreover, an excess of KI makes Pbl, more 
soluble because a complex anion. Pbl,". is formed, but an excess of KI makes Til 
less soluble by the con)mon-ion efTect. 

9. KOH, NaOH, or NH 40 H produces no precipitation. 

10. (NH 4 ) 2 S precipitates all the thallium as ThS. 

11. Sodium Cobaltinitrite precipitates light red thallous cohalti- 

nitrite : 

[Co(N 02)6]"““ + 3 Tl-*- -> Tl3[Co(N02)6l 

12. Zinc, Aluminum, or Magnesium precipitates metallic thallium 
in the form of black, tiny crystals; 

Zn 4- 2 TI+ — » Zn-^ + 2 T1 


B. ThuUic Compoun€h 

Although thallou-s salts can he oxidizc<l by aqua regia, chlorine, or bromine, the 
best way to prepare thailic salts is by dissolving timilic oxide m acid.-^.* I hallic 
compounds can be distinguisheil from lludlous compounds by the case with whicli 
Ihev undergo hvdn.lvsis in aqueous .•^ohifion. Tl.us thailic sulfate is decompose,! on 
boiling its aqueous solution into thailic hydn.xidc and sulfuric acid; the nitrate bo- 

The chloride, TICU, is a hygroscopic and not very stuMo substance; ou being healed 
to 100° C chlorine is evolved with the formation of tlmllous chloride. 

lieactioits in the If et tT'ay 

1. Alkali Acetates precipitate Tl()(On) on boiling. 

2. Alkali Hydroxide and Ammonia precipitate from solution.^ of thai- 
lic salt.s brown thailic hydroxide, T1(<)H)3, whicli clianges to TI()(C)n) 
on standing in tlie air; it is dimcultly soluble in acids ami in.soliibic in 

an (;xccs.s of alkali. 

3. Ether. — Tballic chloride, like FeCh and GaCb, is more .soluble in 
ether-IUd than in water-IK3. Tliese three chlorides can lu' shaken out 

of solution in N MCI by ether. 

4. HCl and Alkali Chromates do not cause precipitation. 

H^S in acid solutions causes reduction with precipitation of 

sulfur: 

IIsS -h Tl^- + 2 11+ + S 

If the acid is neutralized, tliallous sulfide precipitates. 


• T1,0, is not attacked in the cold by concentrated sulfuric acid, l)Ut is dis.<olvo,l 
on warming. The hydrated oxide, Tl6(OH), is much more s<jluble. 
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Shaking with mercury reduces a solution of thalUc chloride to thallous 
chloride: , 

TlCls + 2 Hg ^ HgaCU + TlCl 

Thallic salts are also reduced by sulfurous acid, and TI2SO4, unlike 
PbSO^, is soluble in water. 

6. KI precipitates thallous iodide with deposition of iodine : 

3 r Tl-f^ TU + I2 


Reactions in the Dry Way 

Thallium salts color the non-liuninous gas flame a beautiful emerald 
green. The thallium spectrum consists of a green line at 636.0 m/i, nearly 
coincident with the green barium line at 534.7 mfi. 


INDIUM, In. At. Wt. 114.76, At. No. 49 
Density 7.3. M. P. 155® 


Indium was discovered in zinc ores and has also been found associated with tung- 
sten. The free element is a white, lustrous metal resembling platinum in appear- 
ance. It is very soft and ductile and leaves a mark on paper. It is oxidized slowly 
in contact with air but less readily than zinc. The metal dissolves in dilute hydro- 
chloric and sulfuric acids with liberation of hydrogen and formation of trivolent 


indium ions; 


2 In + 6 H+ —2 In+++ -h 3 H,T 


Nitric acid dissolves it readily, but with sulfuric acid the anhydrous salt separates 
out. 

Indium forms three chlorides, InCl, InCl*, and InCU, but only the salts of the 
trivalcnt metal are stable in aqueous solutions. Indium oxide, In,Oj, is pale yellow 
when cold ami reddish brown when hot. Heating it in hydrogen gas or with carbon 
gives reduction to metal. The ignited oxide dissolves slowly in cold acids but more 
readily in hot, dilute acids. Indium salts arc colorless; the sulfate, nitrate, and chlo- 
ride dissolve in water. 


Reactions in the Wet Way 

1. Alkali Acetate added to a solution until = about 5.3 does not 
cause the precipitation of small quantities of indium basic salt from 
ptire InCls solutions, but if considerable ferric iron is present, the pre- 
cipitation of the indium as basic salt is practically complete. 

2. BaCOs precipitates a basic salt even in the cold (difference from 
Zn, Mn, Co, Ni, and Fe). 

3. H 2 S in slightly acid solutions gives a yellow precipitate of indium 
.sulfide : 

2 In^ + 3 HoS-^In^Sa + 6 H+ 

The precipitate forms in the presence of 6-normal acetic acid but does 
not form in 0.3-normal solution of mineral acid. 
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4 . KOH, NaOH, and NH4OH precipitate white, gelatinous indium 
hydroxide: + 3 OH’ - In(OH )3 

The precipitate resembles aluminum hydroxide in appearance and 
behavior Tartaric acid prevents its formation. It dissolves in excess 
of sodium or potassium hydroxide solution, but the liquid becomes tur- 
bid on standing, and boiling with ammonium chloride causes the re- 

precipitation of the hydroxide. 

Na.O. also precipitates I-dOH),. The precipitate is soluble in UF and can be 
distin'guUhed from TifOH), and ZrfOH)^ by partially ncutrahz.nfi the HF solut 0 . 
with NH4OU and introducing II^S; yellow in In.S3 precipitates. f a.nsidera >le 
rare earth element is present (c.fl.. Ce). the In(OHh often fails o dissolve m HI . 
Then, to remove In from the rare earths it is best to decomiK.sc t he lluorules h> fmn. nj, 
with lUSO*. precipitate In(OH), with rare earth bydioxides by adding NIbt H. 
dissolve out tiie IrdOH)^ with (i A HCMbO,, and precipitate ln>3 with 

5 . K3[Fe(CN)o], KCNS, and K-^Cr^O; give no precipitation. KXrO, 
produces a yellow precipitate. 

0 K4lFe(CN)6l gives a white precipitate of indium ferrocyanulc. 

7’. NaX03, KXO3, and (NH4)X03 precipitate white, gelatinous 
Iii.,{C03)3. It dissolves in an excess of cold ammonium earbuiiate 

solution but rcprecipitates on boiling. 

8 . Na2HP04 gives a white, voluminous prei-ipitate. 

Indium phosphate is not usually precipitated by Na.Ill>a in acid 

in the presence of zireouiu, . I and titanium it is liU-ly to be earned down n tl. 
Zr(Hi'04)4 and TidlPO.)! making it iicccs.sary to remove indium bcfoit (s ik 

for Zr or Ti with Na2lIP04. 

9. (NH4);C204 Jin-cipilates white, crystalline indium oxalate from 

concentrated solutions. 

10 (NH.)..S wves a whit.' sullid.' praci.ilal.', Ky l.oih..g tin' 

Bulficio Witt, y'aliow a.,....o..i..... suifi.l.', it is .•i.a..g.'.i tu wi.itc s.. Ih.i.' a...i 
diasolvos to so..... fxl<'..t; o.. .■ooii..t;, .t wi..t,. yoi....,...o..s s..i .J.' p.y- 
cipitate is for.....d. It is ..ot <,..itc' clear j..st wl.at for..u.las sl.ot.ld i.c . 

lessigned to the white and yellow suHide precipitates. 

11. Zinc precipitates indium a.s white, lustrous flukes. 

Hcaclio$ta in the Dry If'ay 

Heated o.. charcoal, tl.e surface of tl.e cl.ar..oal is give., a lust.o..s 
.nctalhe eoati..g. I..diu... salts color tl.e lla...e a peeul...r l.l...sl. v.olet 
I.. tl.e spectrum two distinct l.lue li..cs are see.. ..t lol l ...g ai.d 

410.1 m/i. 
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GALLITJM, Ga. At. Wt. 69.72, At. No. 31 

Density 6.96. M. P. 301® 

Gallium is of quite common occurrence in small quantities. It is 
found in many samples of sphalerite and in bauxites as well as in other 
minerals. It is a Wd, white metal which is not very ductile and is 
not easily oxidized. 

Hydrochloric acid, potassium hydroxide, and ammonia dissolve gal- 
lium with evolution of hydrogen gas : 

2 Ga + 6 H+ 2 Ga+++ + 3 Ha t 
2 Ga -|- 2 OH — > 2 [GaOg] H- Ha t 
2 Ga + 6 HaO + 8 NH3 -> 2 [GaCNHa) J+++ + 3 Ha T + 6 OH" 

The metal is passive to cold nitric acid but on heating it dissolves and 
red vapors are evolved. 

Ga + 6 HNO3 Ga(N03)3 + 3 H.O + 3 NOj T 

Gallium forms bivalent gallons salts and trivalent gallic salts. The 
gallons compounds arc unstable and easily oxidized. Gallic oxide, 
GaaOa, and its hydroxide, Ga(OH)3, are white. Gallic salts are color- 
less or white. Gallic chloride is a colorless, hygroscopic substance 
which melts at 75® and boils at 215-220®. Evaporation of gallic chlo- 
ride solutions causes volatilization of gallic chloride, but there is no loss 
of gallium if sulfuric acid is present. 


Reactions m the Tfet Way 

1. Alkali Acetate added to reduce the acidity to pg = about 5.3 
causes the precipitation of a basic salt on boiling. The precipitation is 
incomplete if the solution is much more acid or basic. 

2. Ammonium Sulfide gives a precipitate only when another insol- 
uble sulfide is formed. 

3. BaCOs causes complete precipitation in the cold. 

4. Ether dissolves out GaC'U from aqueous hydrochloric acid solution. 
FeCb and TICI3 arc also dissolved by ether. If the ethereal solution 
is diluted with water and shaken with mercurj' to reduce the iron and 
thallium, another shaking with ether dissolves out GaCb alone. 

5. H2S gives no precipitate in dilute acid solutions. There is likeli- 
hood, however, of small quantities of gallium being dragged down in the 
copper group. 

0. K*Fe(CN)6 in the pre.sence of dilute acid precipitates a white or 
bluish white precipitate of gallium ferrocyanide. 
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7. NaoCOs and CNH 4 ) 2 C 03 give white precipitates. Excess of am- 
monium carbonate causes the precipitate to redissolve. , , ,,. 

8 . NaOH, KOH, and NH 4 OH precipitate wlute, flocculent galUc 


hydroxide : 


-j- 3 OH" — » Ga(OH)3 


readily soluble in an excess of precipitant: 

Ga(OH )3 -b 3 OH" lGa 03 r"' + 3 H.O 


Boiling the ammoniacal solution causes .slow reprecipitation of the 
hydroxide. Tartaric acid prevents precipitation by ammonia. 


Reactions in the f>ry iJay 


Gallium compounds give two violet lines in 
tween the G and H lines at 417.0 and 403 in^. 
only one faint line is seen. 


the spark spectrum be- 
With the Bunsen flame 


Vanadium. V. At. Wt. 60.95, At. No. 23 

Dcn.sity 5.82. M- P- 1720\ B. P. iilwuf 3400“ 

Occurrence. Me. l>l.dVO.).Cl; cnnoOlc;- m...tra„ulc, (Cu,rb).V.O,. • 

2H,0; many clays and in “''■‘"f’'" „,„v. 1. L- often nl, mined 

Propertuiit. — Mctallio vunaihum • mrikiiig. Vaiuidiuin 

fromite ores in the form of ferri>-vumuluJin, u i ^ in soda. Tlio motul 

is found in various metallurgn al and i.- harder than any 

has strong reducing power, is solulih i;,...vi'iii andde^s. 

other metal. The name comes from I ns a . i < ^ ^ VjOi. 

Vanadium, like nitroRen, fnrnet “\_'^,v.ir.de.‘.’ C',.,nl.nun:h repro-sentii.R 

The first three of these oxide.' .irt )« ■ . nnalvsis exeepl. to 

these valences of vanadium are n-ducing agents. Vaiindon.s 

some extent, in the tests for i,. water l.ut dissolve.s in d.t^ 

oxide, VjO,, is dark gray ami lu.'trou.s. It • reducing powers, decolorize 

acids to form blue solutions which. l.ceuu.su of their strong reauc g j 

organic dyestuffs. i 1 1 „ i.. n.-id.^ (oxeent hvdrofluorie and nitric 

Vanadic oxide. is b ack I. irogen it is not reduced, 

acids) and in alkali hydroxide .wlutions. > ^ y solutions 

but on standing in the air it slowly changes m o ^ v})/,.„d \M. represent 

containing trivalent vanadic sails are gre- . , i ..„.,ivtLe-d chemi.stry. 

the types of vanadium I urn U-tro^xid^^ anbvdride of hypo- 

Vanadyl oxide. (also called an un .hoteric sul.stanee and forms 

vanadic acid V,0,(OH)4. 3 !*>» ^^'^it'elns a blue powder, soluble in concentrated 

EolU With both acids and basc». > ^ 


• According to Fricdel and Cumenge, curnotile e. 
56 per cent UO», as well ua 15ui Hi arj< 

Am. J. Sci., 10, 138.) 


mtiiiiis IH per rent VjO» and 
(Cf. Ilillebruiid and Uansuiuc, 
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acids, forming blue divanadyl salts: 

Vs04 + 2 HSOt VjO,(SO«), + 2 HiO 

If the solution of divanadyl sulfate is treated with sodium carbonate or ammonia 
(avoiding excess), hypovanadic acid separates out as a grayish white precipitate, 
which, like the anhydride, is soluble in acids with blue color and in alkalies with a 
brown color. The alkali hypo vanadates correspond to the formulas NajVjOs and 
NajViOo. Hypovanadates of other metak are for the most part insoluble in water 
and such precipitates may form when an acid solution containing vanadium is neutral- 
ized. The divanadyl compounds are readily formed by reducing solutions of the 
pentoxide in mineral acids with sulfurous acid (cf. p. 582), and serve, on account of 
their blue color, for the detection of vanadium. 

Vanadium pentoxide, VjOs, is the anhydride of vanadic acid and is an orange-red, 
crystalline mass, which is readily fusible but non-volatile. It is only slightly soluble 
in water, forming a faintly acid, yellow solution, but readily soluble in concentrated 
solutions of caustic alkalies, forming vanadates. By heating with nitric acid or aqua 
regia, as well as by fusion with an alkaline oxidizing flux, all the lower oxides are 
changed into vanadium pentoxide, V 2 O 6 , or one of its salts. 

Like phosphoric acid, vanadic acid exists in the form of meta-, pyro-, ortho-, and 
poly- compounds, of which the meta-compounds are the most stable and the ortho- 
compounds the least so. Thus an aqueous solution of potassium or sodium ortho- 
vanadate is hydrolyzed, even in the cold, into the pyro-salt and alkali hydroxide, 

2 Na,V 04 + HiO si Na^VA + 2 NaOH 

and on boiling, the meta-salt is formed: 

Na,V:0; + H,0 2 NaVO* -|- 2 NaOH 

The meta-, pyro-, and ortho-salts of the alkalies are colorless or slightly yellow, 
while the polyvanadates, c.g., the tetra- and hexavanadates, are intensely orange or 
reddish. Thus the colorless or light-yellow solutions of the ortho-, meta-, and pyro- 
vunadates are colorcil intensely orange on the addition of acid. 

Strong acids dissolve vanadium pento.xide forming red or yellow solutions. Such 
solutions ]>robably contain the quinqucvalent vanadium in the cation as VO*'*’, VO'*^'*’ 
and possibly a little V^"*"*^. The equilibria between the vanadium in cations and 
in anions are illustrated by the following equations: 

-I- 0 2 VOi^ -f 3 H,0 

2 VO.+ 0 oir ;=; VA"" + 3 HiO 
VA” + 10 ^ 2 VO+++ + 5 HjO 

VA™ -h 14 H-*- 2 V-^-*^ -I- 7 H,0 

2 V*-*-*-^* -f- 14 OH' VA”* + 7 HiO 

In acid solutions, the vanadium is easily reduced to blue vanadyl salt, and the change 
takes place slowly on standing or by evaporating the solution in hydrochloric acid. 

Besides the above types of vanadium compounds, this element exists as pervanadic 
acid, HVOi, formed by the addition of hydrogen peroxide to the acid solution of a 
vanadate. 

The reactions of quadrivalent and quinquevalent vanadium will be considered 
together; the other compounds are not common enough to make it necessary to 
describe their characteristic reactions. 
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Reactions in the ir*>t ITVi.v 

1. Barium Chloride, but not strontium aiul calcium chloride, Silver 
Nitrate and Lead Acetate give yellow precipitates which become white 

on standing or on heating. 

2, Ferric Chloride and Dimethylglyoidme. - The reven^ible reaction, 

2 + 4 11,0 2 HVO. + 2 Kc"* + 3 

takes plaee from left to riKht in alkaline solutions and from tf '; 

tioiis as mialit be expected from tlie mass-aetion law. .-ensitue test for fe 
the imethylglyoxime reaction. Stnee vanadie 

duced to vanadyl salt by heating tvith concentrated H< i, the test for be 

““iZp ontiJ :::,^::iln'^:r'::t:i‘h:: "^adate i., a smau crnciM,. 
ai^Xi,^o/;oneent....^ba.;de..o..,.^^ 

solution upon a piece of filter papir, auu * p i . . , ..C .........j:,,,,, ,viI1 

3 drops of 1 per ce.tt 1:;: - 

presence of acetic acid to give t. yellow pre.apdale . j ‘ 

I a I L. I.it.ft (r HvNOII )*V Oj when heute<!. M<il\ l>Ucmini, unu.. uii, 

changes to very dark has been prepared by fu.MU. or 

boiling with Na.CO. the tungsf.e ,.,Uni,.n. IVr.ie iron 

also gives a brown precip.taie with the reagent and m e 

by adding a little strong sodium hydroMcle .mIiiUo... hHoniiK 

precipitate, and testing the filtrate for vaim* mm- . ^ 

Proceriure. - Place a few drops of ‘ . en. s.-luti..n of ** oxine ” 

a few drops of acetic acid, j,). -i little . lil.iior.-rni: as little as O.l 

in 0 per cent acetic acid. Shake the mpI 

of vanadium will give a red or brownish v.okt color to tla rl.loH.fonn. 

4 HO —If an acid solution of a vantuhde is Ircutml with u bw 
drops of 1 I 2 O, and sliaUcn, the or'vmlnlnm’. peroxide 

owing to the formation of pcrvtui.idit an 1, • It* t be '^tdii- 

kulfato* insoluble in ether. Tlti.s i.s a very tlelnotte ret.et.o , ; ' ' 

lion is 2-6 normal in HNO3 or IbSO, nn.l an esee.s of |....txnl. tx 

avoided. 

This n^action can loused in a se.isiti^sp.4^^ixdi^^^ 

in 1 drop of Bolution. Mix a drop of 'uloralioU will appear if 

a few iiiinuteM add 1-2 drops of I per cent II 2 U., a rcuui. 

vanadium m present. 


Myer aud Puwleta, Z. cnaL Chcrn.f 69, !•> n.>J5)* 
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5 HjS gives no precipitation of sulfide when added to an acid solution 
of either vanadyl salt or vanadic acid. like other reducing agents 
(SO2, HCl, formic acid, Fe-^, oxalic acid, tartaric acid, ethyl alcohol, 
sugar, etc.) it reduces vanadic acid to blue vanadyl salt. The reaction 
takes place slowly in the cold but more rapidly on heating: 

2 H3VO4 + HaS + 4 H+ ^ V2O2++++ + 6 H2O + S 
2 HaVOi + 2 Fe++ + 6 H+ -> + 2 Fe+++ -b 6 H2O 

2 H3VO4 + HCHO2 + 4 H+ ^ + CO2 + 6 H2O 

HI carries the reduction further forming green, trivalent vanadium salt: 

HaVO* + 2 HU- 3 HCl VCU + 4 HjO + h 

The green color is noticed after the iodine has been boiled off. 

MetaU, such as Zn, Al, and Cd, cause stiU further reduction of vanadic acid, so 
that the solution turns at first blue (vanadyl salt), then green (trivalent vanadium), 
and finally violet or lavender blue (bivalent vanadium). Ammonium hydroade 
added to the fully reduced solution gives a brown precipitate which oxidizes easily. 

0. Mercurous Nitrate precipitates white mercurous vanadate from 
neutral solutions of a vanadate; the precipitate is soluble in nitric acid. 

7. NaHCOs gives no precipitate if pure vanadium is present. If 
the solution contains uranium, uranyl ammonium vanadate, 
U02NH4V04, may precipitate. 

8. NH4C1. — If a piece of solid ammonium chloride is added to a 
solution of an alkali vanadate, colorless ammonium metavanadate 

separates out, 

+ 4 NH.,Cl 2 NHA^Oa + 2 NH3 + H2O + 4 NaCl 

difficultly soluble in a concentrated solution of ammonium chloride. 

9. NH,OH added to a cold, green, acid solution of a vanadate, con- 
taining some vanadium in the form of cations, causes the color to become 
vellow. After the solution has been neutralized, no further change is 
produced if the solution contains none but alkali cations. In the pres- 
ence of other cations, however, the vanadate ion behaves like phosphate 
ion toward ammonia; vanadates of ferric iron, aluminum, uranium, and 
barium are likely to be precipitated by ammonia. 

NIUOII added to a solution of a vanadyl salt precipitates dark gray 
hypovanadic acid: 

V202CU-f4 ]SrH40H-^4 NH4CH- V202C0H)4 

The precipitation is not quantitative, and small quantities of vanadium may 
retnuiu in solution when the vanadyl salt is alone present. If, however, an ex<^ 
of ferric chloride is added to the solution, the vanadium is quantitatively precipi- 
tated upon the addition of ammonia. This is true both of vanadic acid and of vana» 
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dyl salt, ferric vanadate and ferric hypovanadate being precipitated with the feme 
hydroxide. Instead of ferric chloride, an aluminum or uranium salt may be used 

for the same purpose. , 

Sodium Hydroxide added to an acid solution of quinquevaleut vanadium 

a brown precipitate soluble in an excess of the base and giving a yellowish green 

solution. NaoO, in alkaline solution has no further effect. 

10. (NH 4 )jS producc.s no precipitation, but cau.ses the Holution to 
turn brown, owing to the formation of tliio-.-^alts. 

If liydrogen sulfide is conducted into a strongly aminoiitaca! solution of a vana- 
date or hypovanadate, the solution at first turns yellowi>h red. but the color sloub 
deepens imtU eventually a characteristic, bnlhant. vioiot-red color i.s ol.tamed when 
the solution ha.s become saturated with H-.S. Ammonium salts inter ere somewha 
with this test, but their influenee Is overcome by the adilitioii of a large exee,-* of 
ammonia. The red color is probably ca.L-^ed by the formation of ammonuun tluo- 
vanudate. As little as 0.2 mg of vanadium can be recogm/.ed by the red colon 
The addition of achl to the red solution produeo a bhu k precipitate of ' 

V,S,. The iirceipitation is not, quantitative; the filtrate is always colored blue 
and contains detectable amounts of vanadyl salts. Tlie pre.-.pitatc is soluble m 
alkali hydroxides, alkali carboimte-s, and alkali sulfi<los. hum.ng a brown solution. 
If the sulfide Is heated to -.(H) fiOO in an atmosphere of II.>. black \ is foiiued. 
insohii.le in eoncentnited hy.ln.chloiie acid. V.S, dis.-olves *" r<*gia forming 

vanadie acid, l.ut by evaporating the solution with an excess of IK I. blue vanad>l 

8ult is formed. . , ,, 

Molybdenum gives a similar red color, if it was not eompleti-ly remove.! by previous 

treatment witli liydrogen .>ulfide in acid solution, and obscures the nijove test or may 
be inlsluken for vaiiadiuiii. 

Ainiimnium sulfide added to an acid solution of quiniiuevalent vanadium pre- 
cipitates brown ViSi, slowly dis.s«)lvcd by an excess of the reagent. 

U. Oxidizing Agents convert (Uvanadyl compounds into vaiuulic 
acid. The oxidation may be elTected by bromine in liydrocldoric acid 
.solution, 

+ Br; + G 11,0 -> 2 V 04 "‘ + 2 Br" + 12 IP 

by dilute iiotassium permanganale in liot, very dilute .sulturic acid 
solution, 

5 + 2 Mn 04 ‘ + 22 11,0 -* 10 V 04 '" + 2 Mn" f -1 1 H ' 

or by sodium jieroxide itj alkaline .solution; 

+ Na,0-, + 8 OIF 2 + 2 N:P + -1 H.O 

Chromium, aluminum, vanadium, and uranium may be separated from iron, 
nickel, c.balt, and iimngarie.se i.y ineiin.s of this reaction; tlie iliroiiiaie i' lefi iii 
wilutiori as widiuin chromate, Na;Cr()„ the aluminum n.s .sodium alummaic. NaAH 
the vuna.liiim as sodium vanadate, NitjVO,, tlie uranium us soiliuiu peiuiaiiale, 
and the zinc ils sodium zinrate, Nu/ZnO,; while the iron is pre.ipiiale.l as fe'Oll i,, 
the nickel as Ni(()U)„ the cobalt a.s ( AitOlIh, and the iiiaiigan. ><■ ils hydrate.l Mn« f, 
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12 . Pb(C 2 H 302)2 precipitates vanadic acid quantitatively as yellow 
lead vanadate : 

3 Pb++ + 2 VO 4 PbaCVOOa 

This precipitate, however, is more soluble in dilute nitric acid than lead chro- 
mate is, and it is possible to separate chromic acid from vanadic acid by treating 
the solution of the two acids with lead nitrate in dilute nitric acid solution; under 
the proper conditions ail but a fraction of a milligram of the chromium is precipi- 
tated and 100 mg of vanadium yields no precipitate.* The vanadium can be detected 
in the filtrate by the HjOj test. 

13. Potassium Ferrocyanide added to an acid solution of quin- 
quevalent vanadium gives a green, flocculent precipitate of vanadium 
ferrocyanide. The precipitate is insoluble in 12 per cent H 2 SO 4 . 

14. Uranyl Salts added to an ammoniacal, or slightly acid, solution 
containing ammonium acetate give a precipitate of uranyl ammonium 
vanadate (U02)NH4V04 • H2O. By means of this reaction vanadate 
ions can be separated from alkali, alkaline earth, manganese, zinc, and 
copper ions. The precipitate is much more soluble than UO2NH4PO4. 

15. To distinguish between ortho- and metavanadates, the following 
reactions serve: 

Copper salts give a bluish green, pulverulent precipitate with meta- 
vanadates and an apple-green precipitate with orthovanadates. Lead 
salts give a white precipitate with orthovanadates, and silver salts give 
an orange-red precipitate with orthovanadates. 

Hcactions in the Dry Way 

The borax b(“ad is coloiiess in the oxidizing flame if slightly saturated 
with the vanadium compound, yellow if strongly saturated, and green 
ill the reducing flame. 

* Neutralize the st)lution exactly with NaOH, add 2 ml of HNO 4 (density 1.20) and 
an excess of 20 per cent (PbNOj), solutiou. 



acidic group of the earth acids 

TUNGSTEN, TANTALUM, COLUMBIUM 

These three metiils arc chissed together in a separate group becau.^ they do not 
form water-soluble salts with the common acids a<ed as solvents and therefore d 

p.., rp.e.pu..,. or ..e a„a- 

‘^'Ttsr'aoralu™, and colund.iun, form acid anhydrUlos. WO, TaA, CU.K 
wluch^likc’ Silicic acid, react with alkali hydroxides, giving soluble tungstatis. 
tantukdcs. and columbatcs. Unlike silicic acid, however they also form soluble com- 

nlex comrHUinds with oxalic, tartaric, and other organic h>drox> -acids. 

Of e th^ --J-S ^-‘h-tie acid stands by itself, being a fairly strong j d 

forming wdl-dciined stable salts akin to the molybdates, 'lantahc and columb.c 

Lids, L the other hand, are very weak acids (especially the former), bcarmg a > 

tinct resemblance to antiinonic acid. 

Tungsten, W. At. Wt. 184.0, At. No. 74 

Density 10.1. M.P. 3-100^ 

Ocrarrcncc. - Tungsten is not very often found in nature, but (here are a numl.cr 

i,f well-crystallizing tungsten minerals, such a.s the rnmeral.s of t lie . 

L iL (t\\Vv (Ca.Cu)\VO.; reinite, FeWO,; stolzite. PIAO,. 

^ .e!c LiLrl all crystallize in the tetragonal system ami h.rm with powcl htc. 

CaMoO* and wulfenilc, PbMoO., a very interesting isomorphou.s group, .\nothci 

isoinort.hou-s group, which consists of minerals crystalli/mg m the 

is fonLd iL hubm MnWO,: wolframite. (Mn.Ke)\VO,; and forbente. I cAN O. 
The most iniportaiit tungsten mineral is wolframite, which is u.siially 

lorm of thin metallic filaments in incandescent electrii- lamps. ‘ 

use.! for making self-hardening or alloy steels, 'iungsten forna. two oxide^, 

'""properttes. — WO, Is a brown powder, readily obtained by heating \\ O, to dull 

rednei^s in a stream of hydrogen. It is pyrophorie and ^ \ 

a stream of hydrogen before it Is alh.wed to come into coiita.-t witli the air. > 
igniting strongly in a stream of hydrogen, inetallie tungsten is obtaim-d uliuh i.s 
stable in the air. This behavior i.s important and is tak<-n advantage of in le rpi.i i- 

titative determination of tungsten. im., 

WO 3 is an acid anhydride obtained by the ignition of tungstic acid or of ainmoi lum 

or mercuroas tungstates, or by the oxidation of the dioxide on hcatmg m the a r. 

The irioxide is a canary-yellow powder, insoluble m water ami 

only slightly soluble in concentrated hydrochloric and hydrofluoric arid.s. It • - 

readily by warming with [K.tassium or sodium hydroxides, and less readily 11 . amnic ni. . 
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It is most easily dissolved by fusing with sodium carbonate, sodium tungstate being 
formed: 

WOj + Na,COa Na,W04 + COs T 

' It is changed to potassium tungstate by fusing with potassium pyrosulfate: 

WO 3 + K-Sia — KjWO, + 2 SOa T 

If the product of this last fusion is treated with water, usually none of the tungsten 
goes into solution, because if an excess of potassium pjTosulfate is present (as is 
usual) it reacts with the potassium tungstate, forming free tungstic acid; 

K,W04 + KSiCh + H-O 2 I^sSO* + H1WO4 

If not enough pyrosulfate remains to complete the above decomposition, some of the 
tungsten will be dissolved, but never all of it. If a little sulfuric acid is added to the 
water, none of the tungsten will go into solution. This property enables one to sepa- 
rate tungsten from titanium. If ammonium carbonate ts added, all the tungsten 
dissolves, which enables us to separate tungstic from silicic acid. 

Reactions in the Wet Way 

A solution of sodium tungstate should be used. 

1. Acids, IICI, HNOi, H >S 04 , produce, in the cold, a white, amorphous 
jirecipitate of hydrated tungstic acid, H 2 W 04 • HoO.* By boiling the so- 
lution, tlic yellow anhydrous acid H 2 WO 4 is obtained, insoluble in dilute 
acids, but soluble to an appreciable extent in concentrated hydrochloric 
acid. 

Tungstic acid must always be washed ^\^th water which contains acid 
or a dissolved salt, as otlierwise tungstic acid t^^ll form a pseudo-solu- 
tion with pure water, so tliat a turbid filtrate will be obtained (cf. pp. 65, 
131, and 189). 

Phosphoric acid behaves differently from the other mineral acids 
toward solutions of tlie alkali tungstates; it produces a white precipi- 
tate .soluble in an excess of phosphoric acid; a complex phosphotungstic 
acid is formed, e.g., XaoP 04 • 12 WO 3 . If the solution of an alkali 
tungstate is boiled with free tungstic acid, the latter gradually goes into 
solution, forming a metatungstate: 

Xa 2 \y 04 + 3 WO 3 ^ NaoWAs 

Mineral acids cause no precipitation in solutions of metatungstates. 
If the solution is boiled with an excess of acid, the soluble metatungstic 
acid is gradually changed to insoluble, ordinar}' tungstic acid, which is 
then precipitated. The addition of cinchonine hydrochloride greatly 
hastens the formation of insoluble tungstic acid in acid solutions. 

2. Organic acids (I'itric, tartaric, etc.) form complex ions with tung- 
stic acid and prevent its precipitation. 


* The presence of tartaric acid prevents the precipitation. 
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3 Ferrous Sulfate gives a yellowish brown precipitate and the pre- 
cipitate is not turned blue by acid (cf. molybdenum). 

4 H..S produces no precipitation in acid solutions. 

5. Lead Acetate, barium chloride, and sUver mtrate also precipitate 

wl.itp tnnirstatcs from neutral solutions. 

G. Mercurous Nitrate precipitates white mercurous tungstate from 

jrives no precipitation in a solution of an alkali tungstate, 
but if the solution is afterward acidified, light-brown tungsten trisulfide, 
is precipitated, which has thy property of ormiiig ™llo.< a > u- 
tkins with pure water, but is insoluble in hydrochloric acid. Ihc pi. - 

add give a browmsh red solu- 

u ;:::,;::;:n of an alkan tungs.a.e . tr^ted 

with 1K:1 and dnl the tungstic acid at first precipitated by ^ 

Im. turned to a beautiful blue color, owing to the forma inn of \\ . 

stnCl iiroduces a yellow coloration at first, but on adding lit 1 ,uid 
wiuud^! a tautifii blue precipitate is obtained. This is one of the 

most sensitive tests for tungstic acid. 

/{rat fions in thv Dry ITay 

Tho salt of phospliorus head is colorless in the oxidizinff flame, and 
blue in the reducing flame, becoming blood-red on the addition of a httl. 

EeSO*. 

TANTALUM, Ta, At. Wt, 180.88. At. No. 73 

Doa'^ity lO.C- M* P. 2800® 

COLUMBIUM, Cb,* At. Wt. 92.91. At. No. 41 

Density 7.:i7. 

Thc«e two rare dornents hd.n.K to U.c f.ftl. ^roup of t)u- ,»Tio.lic syMco a.,. I .ir- 
cor^y u ut the (ornmlii It.Oc, these arc .he aahy.hahs ,, ah, 

and imi, ie.fi, Is. TheliM.e-h.m„r,.,l,genen, l.-nn"earlh„,„l.s ,s ,e,.,l l„ 

“,e adit, either singly or in a.hnisiur... The tw,. elements ahvav.. 

pany each nti.cr, n„t m.ly in their .ninerals inti „ls„ ia all hut a h . 

LerutioiiH 8f. dmt tfieir BCpunition from one anolhc-r can l.c .iccompli'lit 1 ii.\ > 
nrocc»8C» of fractionation. Tlicir separation from other elements is e..mr>liealc-! >> 
the fact that unlike most metals, they ho not form waler-s-.InMe simple salts, h. n<. 
l!,hiti.m must he achieved hy convention of the earth aenl.s into complex conipot le 


• Also called niobium, Nh. 


588 


REACTIONS OF THE RARER METALS 


Occurrence. — The commonest earth-acid mineral is columbite (or niobite), a 
compound of the hypothetical columbic acid, HCbOj, with ferrous oxide: Fe{CbOj)j, 
or FeO • Cb20s. Tantalum is always present, replacing part of the columbium, 
while manganese replaces part of the iron; hence the general formula for the mineral 
is (Fe,Mn)0-(Cb,Ta)j06. With increasing tantalum content the density rises from 
about o to beyond 7, and the mineral is designated as tantalite. This is a rare and 
valuable ore. 

The earth acids further occur in a number of very rare minerals in which they are 
combined with titania, thoria, yttria earths, and uranium oxide; such as yttrotantalite, 
samarskitc, fergusonite, and euxenite. Tantalic acid is also found in monazite, 
(Ce,La,Nd,Pr)P 04 , replacing a subordinate part of the phosphoric acid. 

The minerals of the earth acids are decomposed by fusion with alkali bisulfate; 
extraction of the melt with water yields an insoluble residue of impure earth acid, 
formed by hydrolysis of the alkali salt. If the extraction is carried out with am- 
monium tartrate or oxalate, the resulting solution contains the earth acids in the 
form of their tartaro- or oxalo- complexes. By fusing the minerals with potassium 
carbonate and extracting with w'ater, solutions containing potassium hexatantalate, 
KaTasOig, and hexacolumbate, KaCbjOi*, are obtained. 

Properties. — On account of the constant association and close resemblance of 
tantalum and columbium, the study of these elements is much facilitated if we con- 
sider them together. 

(a) Tantalum is a white metal which is tough, malleable, and ductile, unaltered 
in the air at ordinary temperature, and unattacked by all acids except hydrofluoric; 
it is soluble in a mixture of hydrofluoric and nitric acids probably forming HsTaFj 
nr Hil'aFjO which yield TaA by hydrolysis. At high temperature it readily com- 
bines witli oxygen, hydrogen, and nitrogen, forming the pentoxide, hydride, and ni- 
tride respectively. Columliium closely resembles tantalum in its chemical properties; 
it has not yet found any application in the arts. 

(b) The pentoxides are pure white powders. Tantalic oxide remains white on 
ignition; columbic oxide becomc.s yellow when heated and returns to its original 
color on cooling. The oxides disjsolve in molten alkali bisulfate; extraction of the 
melt with water loaves the hydrated earth acids as an insoluble white residue. This 
retaims an indefinite amount of adsorbed sulfuric acid. The bisulfate melt is soluble 
in ammonium oxalate or fartrate solution. 

(c) The pcntoxide.s (li>solve in molten ix)tassium carbonate, with disengagement 

of carbon dio.xide ami formation of water-soluble potassium tantalate and columbate, 

K/FasOi, and KsCboOu. These salts are known as " hexa- ” salts, but since this term 
is somewhat mii>lea<ling, (hey are sometimes designated as 4 : 3 salts, thus indicating 
the ratio of KjO to TajOs or Cbj06 in the molecule. Thus Iv»Ta«0,» can be ^v^itten 
4 KjO • 3 TajO*. When the solution of the potassium salts is saturated with solid 
sodium chloride or nitrate, while crystalline precipitates are formed. These have 
the composition 4 Na^O • 3 TasOs and 7 NuaO • 6 CbjOj. The 4:3 sodium columbate 
appears to be incapable of existence. 

(d) The hydrated earth acids separate as white, flocculent precipitates when solu- 
tions of idkali tantalate or columbate are acidified with acetic or mineral acids. No 
definite formula can be assigned to the hydrated acids: they consist of the pentoxides 
in combination with a variable amount of water. On ignition, the}’ furnish the 
pentoxides. They arc soluble in hydrofluoric, as w’ell as in phosphoric acid. The 
phosphoric acid solution of columbic acid is reducible to a colored lo\Yer oxide; 
that of tantalic acid docs not undergo reduction. 
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(e) The precipitated earth acids are capable of adsorbing tannic acid. hen a 
solution of this reagent is added to the suspension of the precipitated earth acid, 
the formation of the adsorption complex is indicated by a change of color, the tan- 
talum precipitate turning pale yellow and the columbium precipitate orange-red. 
From the qualitative diagnostic, as well as from the quantitative point of view , tannin 

is the most important reagent in earth-acid analysis. , 

The tannin adsorption complexes of the earth acids are also obtained when solu- 
tions of their oxalo- or tartaro- complexes are treated with tannin. The tantalum 
nrccipitate Ls of a fine, sulfur-yellow color, not light brown as stated in a number of 
textlKioks; discoloration indicates impurities (titanium, iron). The columbium 
precipitate is more voluminous than the preceding, and has a viNud vermilion color. 

(/) The tartaro- comt»Ioxes of the earth acid.s are not precipitated by ammonia, 
but boiling with a large excess of hydrochloric or nitric acid causes almi^t quant,- 
tativc precipitation of hvdruted earth acUl. The oxalo- complexes, on the other hand, 
arc precipitated liy ammonia, but incompletely by mineral acid.s. 

(o) Pertantalic and pcrcolumbic acid.s are formed when the bisulfate melt (.-ee 
p rm b) is treated with a mixture of hytlrogen iH^roxide and dilute sulfuric acid. 

The melt di.s.solve.s to a eolorles.s solution (<lifierence from titanium). 

(Ii) Tlicpentafluorhle-s form ervstalline double salts with potassium fluoride. I nor 
to the analvtienl application of tannin, these were of paramount importance in earth- 
acid analysis, being the only — tliougli far from perfect — means by which sciiaration 
.if tantalum from eolumbium could he accomplished. When a tantalum tUiorule 
solution is cvaiM.rated with a suitable pn.porti.in of potiu^sium fluoride, pota.vsiurn 
fluorotuntalatc, K/laF,. i.s deposited in the form of dilhcultly soluble, fine, vliite 
necllas The corrcspomling coluiiil»ium compound is much more solulile; if a high 
iici.lity of the solution is avoided, the double salt hydrolyzes, forming readily solui.le 

oxyfluorocolumiiate: 

K,CbF, + 2 11:0 i-i K;CbOF, ■ H.O + 2 IIF 

Tills salt is deposited from concentrated solutions in the form of tabular crystals, 
wiluble in \2 to bi parts of water. Potassium fluorotantalate is soluble in about 2tXl 

parts of water at 


Reactions Common to Tantalum and Columbium 

1. Acids. — Fuso tlic powdrrod mineral or oxide (0.1 g) witli potas- 
sium earbonato (1 k) in a platinum enieible over a j\I6ker burner, and 
dissolve the melt in 5 ml of N potas-sium hydroxide. Tlie solution, 
liltered if neces.sary, gives witli mineral aeids a wliite, lloeeulent precipi- 
tate, insoluble in excess, but readily soluble in hydrofluorie aeici. Ibis 
reaction is not specific, being given by eertain other metallic' acids .such 
as tungstic, stannic, and antimonic (sc'e, however, Reactions -1 and 7). 

2. Potassium Fluoride. — If tla* solution of the earth-acid pu'cipi- 
tate in hydrofluorie acid (see 1) is treated with 0.1 g ».)f potas.<iiun flu- 
oride (or earboiiate, which reacts with some of the liydrolluorie acid 
pie.sent) ill a small platinum or gold dish, evaporated till ery.-'tals begin 
to .s{*parale, and cooled, a crystalline, colorIes.s precipitate of potassium 
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fluorotantalate, KsTaFj, is formed. The crystals are needle-shaped; 
they may be dried between filter paper and viewed with a strong 
lens or under the microscope; they consist of acicular orthorhombic 
prisms. 

The reaction is not a very sensitive one, hence it is not suitable for 
minute quantities of tantalum. Columbium does not react under the 
above conditions, for the double fluoride remains dissolved in the mother 

liquor. 

3. Sodium Chloride. — The alkaline solution, prepared as under 1, 
when saturated with solid sodium chloride, gives a white crystalline 
precipitate: 

I^aTaeOis -1- 8 NaCl ^ NasTagOig -b 8 KCl 
2 luCbeOis -b 14 NaCl -b HjO^NauCbi^OaT + 14 KCl -b 2 KOH 

This is a specific earth-acid reaction if it be kept in mind that anti- 
monic acid gives a similar precipitate. The sodium antimonate precipi- 
tate, however, gives orangc^rcd antimony sulfide when its solution in 
hydrochloric and tartaric acids is treated with hydrogen sulfide, but the 
tartrate solution of the earth-acid precipitate is not affected by hydrogen 
sulfide. 

4. T annin Solution. — (a) Treat the suspension of the white floc- 
culent piTcipitate produced under (§ 2) with 5 ml of fresh 2 per cent 
tannin solution. Tlie precipitate turns pale yellow. 

{h) Dissolve the bisulfate melt (see Reaction 2) by heating with 50 ml 
of saturated ammonium o.xalate solution, and treat the resulting solu- 
tion witli tannin reagent as under (a). A sulfur-yellow, flocculent pre- 
cipitate or coloration i.s produced. If the latter, add 0.5 N ammonia 
drop by drop to the boiling solution till flocculation sots in; the pre- 
cipitate formed is >ulfur-yellow. 

5. Tartaric Hydrolysis.* — Fuse the powdered mineral or oxide 
(0.1 g) with potassium bisulfatc (2 g) in a silica crucible, and dissolve 
the mc'lt in a hot solution of tartaric acid (3 g) in 10 ml of water; the 
tartaric acid reagent may also be applied after conversion into ammo- 
niacal tartrate solution. Filter the solution obtained, if necessar>', 
and boil it witli one-third it.s bulk of strong hydrocliloric acid. A white 
flocculent precipitate, apj^caring either at once or after some minutes’ 
boiling, proves the presence of earth acid. 

The reaction is specific for tantalum and columbium. Tungstic acid 
also is precipitated iiuder the above conditions, but the precipitate is 
yellow and is obtained only from concentrated solution, and the precipi- 

* SclioeJler, 64, 456 (1929). 
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tation is incomplete. Tbe test is not affected by titanium ; if zirconium 
is believed to predominate in the material, this should first be trcatc 
by the pjTosulfatc-tannin procedure (Reaction 11, p. 550) the 

residue from that opeiation ignited, fused with bisulfate, and submitted 

to the tartaric hydrolysis reaction. 


Specific CoUtmbiuni Reactions 

6 Tannin Solution. — (a) Treat tl.e suspension ot the white, floc- 
culent precipitate produced under 1 with tannin reagent as deserdred 

under 4. The preciintatc turns orange-red. , . , 

(5) Treat the liot oxalate solution of the Insulfate melt with tannin 

reagent exactly as de.serihed under 4 (ir). On neutralizing with U.o A 
ammonia or with excess aniinoiiiiim acetate .solution, a volumnioil.s 

fiocculcnt verliiilion-red preeipitate is produced. 

This reaction is not ahsoliitely specific for coluinhium, because titannini 

dioxide, after finsing with alkali bisulfate, dissolving ill amnioniuin oxalate, 

and neutralizing, yields an almost identiiail precipitate, i itaiiiinn ox.d. , 
however, does not eonforin to tests 1 and 7, is not soluble in niolten 
potaissiuin carbonate, and does not give the red laiinni precipitate in a 
solution containing free mineral acid, as is characteristic of eohiiiibiui n. 
Moreover, titai.iuin in oxalate solution gives with hydrogen peroxide 
an iliten.se yellow to orange coloration whereas the corresponding coluni- 

bium solution remains colorle,-s. , , r n,,, 

7 Zinc in the Presence of Acid. — (a) If the aiiueoiis extract of tl 

melt obtained by fusing with pota.-sium carbonate (see under 1) is made 
acid with 7 ml ot concentrated sulfuric acid and the solution is evapo- 
rated until the precipitated earth acid has redissolved and then, aftei 
diluting with 15 ml of water, the liiiuid is boiled with 1 g of zinc dust 
the solution turns brown to ink-black, according to the cpiaii i y of 
columbium present.* Taiitaliim does not react under the.se conditions 
(ii) If a residue of earth acid is dis.solved in a platimni. dish with a 
little hydrofluoric acid, a little sulfuric acid is added, and the niiMiile is 
heated until dcn.se fumes of sulfuric anhydride are evolved, llien, alter 
cooling and adding a little hydrochloric acid and some zinc to the .old 
solution, the formation of a blue color, due to tb( I.,, nidicales the pii s- 
enee of columbium. If the nxluced solution and bydrolliioric acid is 
run through a column of amalgamated zinc (.limes’ rediictor) into a solu- 
tion of mercuric chloride, a white precipitate of mercurous chloride will 

be formed. 


• Gilea, C/icf/i. Newa, 96, 1 (1(107). 
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Stmu/tan€ou5 Detection of Tantalum and Columhium 

The test here described has the great advantage of utilizing color 
reactions. It is based on the fact that tantalic acid is precipitated more 
readily by tannin than columbic acid.* 

8. Titanium is Absent. — Fuse the mixed oxides (0.05 to 0.2 g) with 
potassium bisulfate and dissolve the melt by boiling with 50 ml of am- 
monium oxalate solution (as in Reactions 5 and 8). Test a little of the 
solution with hydrogen peroxide to make sure that titanium is absent. 
Boil the remainder of the solution and treat with 0.2 to 0.3 g of tannin 
followed by 0.5 N ammonia drop by drop, if necessary, till a fiocculent 
precipitate is formed. If this is pale to bright yellow, the presence of 
tantalum is indicated; if orange to red, columhium is present, with 
tantalum either absent or subordinate. If orange to red, filter off the 
precipitate, wash it with water, rinse back into the original vessel, boil 
with 25 ml of .saturated ammonium oxalate solution, and dissolve by 
gradual addition of N .sulfuric acid. ^Yhen the solution has cleared, 
add 0.1 to 0.2 g of tannin, continue boiling, and add 0.5 N ammonia, 
drop by drop, until a precipitate again separates. This will now be 
yellow if the amount of tantalic oxide present is not too small; if again 
orange, the precipitate should be filtered off, and the tmatment re- 
peated once more. By a refined procedure along these lines, traces of 
tantalum in columbic oxide can be detected and determined.t 

In the presence of much tantalum, columhium is readily detected in the 
filtrate from the yellow tannin precipitate. The liquid is boiled and 
treated with more tannin and an excess of ammonium acetate; the co- 
luinbium is precipitated as the red tannin adsorption conjplex. 

9. Titanium is Present. — Fuse the mixed oxides with potassium bi- 
sulfate in a silica cmcible and extract the melt with a 1 per cent solu- 
ti(»u of tannin in 5 per cent sulfuric acid, as directed on page 551 (tita- 
nium, Reaction 11). Collect the residue from the extraction, wash it 
with 2 per cent sulfuric acid, ignite, fuse again with bisulfate, and dis- 
.solve this melt in hot, concentrated tartaric acid solution. Boil the re- 
sulting .solution with one-third its bulk of concentrated hydrochloric 
acid (Reaction 5). This precipitation, while serving as a confirmatory 
earth-acid reaction, provides for an additional purification from titania. 
Filter off the hydrolysis precipitate, wash, ignite, and treat by Reaction 8. 

* Powell and Schoeller, Analyst, 60, 494 (1925). 

t For a description of tliis procedure, sec Analyst, 60, 496 (1925). The investiga- 
tions of Schoeller, Powell, and collaborators into the analytical chemistry of 
tantalum and columbium are recorded in the Analyst, Vols. 47, 49, and succeeding 
volumes. 
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Reactions in the Dry^JFay 

In the reducing flame, columl>ic oxide colors tlic salt of phosphorus 
bead blue, violet, or brown, according to the amount present; the bead 
be<-omes red on addition of ferrous sulfate. Tantalic oxide does not 
color the bead under any conditions. Tlic oxides of tantalum and 

columbiura are infusible. 


ALKALINE EARTH GROUP 

RADIUM, Ra. At. Wt. 226.05, At. No. 88 

Radium, in its reactions, is very much like barium. Inasmuch as 
its importance is due to its physical properties, and physical methods 
serve to detect veiy small quantities, the identification of this element 
is the work of the physicist rather than the chemist. 


THE ALKALI GROUP 
CESIUM, RUBIDIUM, LITHIUM 
Cesium, Cs. At. Wt. 132.91, At. No. 66 


Density 1.S7. M. P. 26.5*. B. P. 670* 

Occurrence. — Cesium nnd rubidium are not rare elements, strictly speaking, for 
they are found alnmst everywhere, but always only in very small amounts. Thus 
cesium replaces polassiunj in many feldspars and micas, nnd is found in many rocks 
which carry these minerals, ns well as in mineral waters which ooze from them. 
Cesium and rubidium were discovered in the mother liquor of Durkheimer brine in 
the vear ISGO bv Bunsen and KirchhofI by means of the spectroscope. Its name is 
from tlie Latin cnc.ftn.ii = sky blue. 

Pollucitc, a mineral closely related to leucite, found at Elba and crj’stallizing in 
the regular system, is a typical cesium mineral. It.s composition is H 2 Cs«Al 4 (SiOj)». 

Properlks. — The element cesium is a silvery white, ductile, and soft metal; its 
densUy is 1.87. It melts on exposure to the air and ultimately takes fire with a 
leddisli violet flame. It also takes fire when thrown on water. It is the most 
electropositive of all metals. 

Cesium and rubidium in all their reactions behave almost exactly like potassium. 
The principal difTcreace between these three metals lies in the different solubilities 
of their corresponding salts. 

Cesium Carbonate, unlike the other alkali carbonates, is quite soluble 
in alcohol. 


Reactions in the W^et IF ay 
A solution of cesium chloride should be used 

i. Bi(NO ,03 and NaNO-j preeiiutate a yellow double nitrite: 

+ Xa^- + 2 Cs+ + 0 XO-." Cs2NaBiCN02)6 

The precipitation is best effected liy using a very small volume of cesium solution., 

55)1 



THE ALICALI GROUP 


595 


addmg one-siKth as much 4 A m^O,h solution in G A' acetic acid and allowing to 
stand at least fifteen minutes in ice water. In this way 1 mg of mbidmm or cesium 
can be separated from 100 ing of potiLViium. 

2. Chloroplumbic acid, HjPbCU, precipitates CsiPbCIs. 

The reagent is prepared by pas., ing chlorine gas into a saturated solution of PbCl, 
in eoiicentrated IICl. Uv trcalir.g tiro dry chlorides with 4 nil of concentrated lit- 
drochloric acid and 2 ml of reagent, practically all tlie cesium and ™b.d.uni u, 1 
be precipitated and dO nig of potassium will remain m solution. Before t lie l.ismut hi- 
nitrite method was availalile, tills was proliably tlio liest way to separate potassium 

from rubidium and coiuin. 

3. H 2 lPtCU] jiroducps a yellow, crystalline preciiutate which i.< of a 
lighter color tliun the correspoiuling potassium salt 

soluble; 100 ml of water dissolves at 0^ only 0.0-4 g, and at 100 0.3i i g. 

^^4**'^H^SbCIc, a solution of antimony triehloridc in O-normal IK l, pre- 
cipitates white ce.sium chlorantimonitc*. 

3 (;-^+ -j. sb('l,.' ' — • Cs,,SbClo 

By addins 10 drop.s of <lie renucil (i:i7 g SbCl, in 100 nil of 0 A' llCl) 
to 3 ml of Kir and Cs i.in.s b. 0 .V IICl. liH Imt about ,r nig ol Cs will he 

precipitated wliile at burst 100 rng of HI' '' ib >" ^ 

5 HaSnCl.l (a .solution of SnCI, in II I) produces 

in comTidra.:!! sobiiions a wbbo. erysiallb.o l-r'I'-a e o ccMtm 
dilorostarniate, ( •s.,|Sii( l.l (ocl aliedrons ). Ani.nonnnn .-alts gn. tin 
same reactio.i, but imta-bm. and rul.idmin sails do not. ^ 

Cli^S 

G. Sodium 6-chloro-5-nitrotoluenemetasulfonate, Xu, 

precipitates wllite cesium ebl.irmib lolobieMesillfoliate. The preeipitate. 

Lwover is mneli more .-nluhle ibaii H.e mg nihidmiii sa t 

7. Sodium Cobaltinitrite,Na,( o(Nd).,),, p.odM.s.sa vell..w |irm^ 

f'- Vnrv.rvo ^ d'liis .,n.llh.‘e.)nvspon.ling preeipitalo < ••nl.unmu Kh 
Cs.rNaCo(NOr .. 11. . .„ ,|,a,i ilic pci eliloraies. 

-by sob, limb 

nitriU; is oljtaine<l: 

3 CBrNaCofNfblc-^OCsNOc + 3 NaNOc + < i-hO' + 1 N'> T + ^ 

8. suicotungstic Acid, ii.^b... 

The preeipitate is ol.laiiied wbli as bllle ns 0.., urn " ' 

*. , ,, r ..iUali. s or iilhahno < aitlis do not 

lib will remam in s<»hition. tfiini -"i • 

interfere with this test. 
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9 Tartaric Acid produces, as with potassium and rubidium, a white, 
crystalline precipitate, CSHC 4 H 4 O 6 , in concentrated solutions; 100 ml 
of water dissolves at 25” 9.7 g and at 100° 97.1 g of the salt. 

Reactions in the Dry Way 

Cesium compounds color the fiame reddish violet, very similar to the 
potassium flame. 

Flame Spectrum. — An intensely blue double line, 466.5 m^, 469.3 m^. 
At higher temperatures a number of paler lines appear of subordinate 
importance; in the red 697.3 and 672.3 mji, in the oranp-ycllow 
621.3 and 601m/i, in the yellow 584.5mM, in the green 5G6.4raM, 
563.5 m/x, 550.3 mju, 547.1 m^, 541.9 m/i, and 535.1 m/z. Moreover, a 
faint continuous spectrum is seen from the yellow to the blue. 

RUBIDIUM, Rb. At. Wt. 86.48, At, No. 37 

Density 1.52. M. P. 38“. B. P. 700" 

Occurretice. — Rubidium almost always accompanies cesium and is found in many 
mineral watere; in airnallite from Stassfurt; in lepidolite, (Li,K,Na).Alj(F,OH)i- 
Si,Cb; in triphyllito, (Fe,Mn)(Li,Cs.Rb) PO«; and in spodumene, (Li.Nu).‘U(SiOs)i, 
a mineral of the pyroxene group. liCpidolite from Rozena contains about 0.51 per 
cent Rb and O.OOM per cent Cs. Rubidium salt has been found in beet-root molas- 
ses. The name rubidium is from the Latin riibidus - red. 

Next to cesium, it is the most electropasitive metal. 


Kvuctums in the If 'et Way 

1 . Bi(N 03)3 and NaNO^ precipitate a yellow double salt. 

+ 2 Rb+ + 6 NOr -f Na+ -> Bi(NO-.)3 • 2 RbNOs ■ NaNO-. 

2 . H-.[PtCl 6 l produces, as with cesium and potassium salts, a yellow, 
crystalline precipitate of Ub.fPtClo], which is more difficultly soluble 
than the corresponding potassium salt, but more soluble than the cesium 
salt; 100 parts of water dissolve at 0° 0.134 part, and at 100° 0.634 part, 

of the salt. 

3 . HjSbCb, Na 3 Co(NO=)c, H.SiOfi • 12 WO,. H-PbCU, and OHXlNO.SOjNa 
preci[:itate rubidium s:\lts as with cesium (see above). It is impossible to effect a 
fomplete separation of rubidium aud cesium by means of a single precipitation with 
any one reagent. Rubidium acid tartrate and rubidium chloronitrotoluenesulfonate 
are mucli less soluble than the corresponding cesium compounds while cesium chlo- 
rantimonite aud cesium silicotuugstate are less soluble than the corresponding ru- 
Ihdium salts. By treating a concentrated solution of alkali salts first with ILSbCU 
any co-Jium in excess of o mg will be precipitated and at least 100 mg of rubidium will 
remain i.t solution. Then, if the C^hCU precipitate is j-emoved, the solution can 
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be tested for rubkiiom «1th sodium acid tartrate or, bettor still, with chloroui.ro- 
tolueLulfonate without iutorfereuce from the smaU quaut.ty of ces.um rema.mng 

in the solution . 

4 H.ISnCUl produces a white precipitate oiJy iu verj' concentrated 
solutions. Tlte salt Ls mttch more soluble that, the corresponding cestum 
salt, hut this reaction is not sititahle for sei.aratiug the two metals. 

Tartaric Acid produces a preciiiitatc of RblltdliOc onlj m coll- 
ect, trated solutions; 100 parts of water dis.solve at 2.o 1.18 
at 100° 94.1 parts, of the .salt. The corresponding cesnm, salt ,» mote 

soluble; that of potassium is less soluble. 

Rvaclitnts in (hr Pry if ay 
FUune Coloralion. — Similar to ce.-:ium. 

^Lme %Lirum. - Violet .loublo lin<-s420.2 .um a.ul 421.6 m^, also tl.e 

red Zt lJ. 781.1 nm and TOo.O At liigher tcui.peratnms a cm,- 

'*11 tlir> V 4 *ll<)\v to tlio l^hio in wlncn IIh 

fiiinmw mil'ct rillll IS llOCO t llO >4 110 . 

loZhig ihlel are to he found in addition to those given above: ,t. the 
orange-yellow Ii2'.l.8 n„i, 020.1 ium, 020.0,,,,,, 01,., nihi ft the >ello i- 
”072.4 tnn, 570.0 nm, .-,01.8 ,„h;_ a.nl of .suhoichnatc nnportance the 

green line.s 5-13.5 m/x. 530.5 m/x, and olO.Hm/x- 

SEPAKA HON OF POTASSKIM ANI> ItUIUDIUM FROM CESIl-M 

Mrthoil «»/ Slofha 

1 14. ,.f ..Ik'.li sniN :i<Ul :i soliltinii of alilliiioiiy 

T„ the couceutra tc. '‘“I' ft |,„at,..,. uf 

ride in conctManitcd l.ydim-hl.iric ac i-oiicentrutcd liyilroclilonc arid, 

cesium chlorantimonilc. l-dtor and «a.-,l. \vnh lomuar y 

using a imrdeiied tiltcr iiapcr. 

LITHIUM, Li. At. Wt. 6.94, At. No. 3 
De„.sitytl.5:il. M. I'. h- I'- > "»' 


-Lithium is f..u,„l to „ ttwutcr extent in 'f ""t ''f ' '■'■’,7'" 

■ *Oi*l.yll.lc. i imnlihgoni..-, LUAlFd’O.. 

the feU spar gnmp(id>,^.0^ ..f tt.ur- 

i, lepidohU-. Ab J-.K.-Na 2 1 L . ’ .nim-ral- 


Occurrence. — 
ruliidiuin; in 
a ininorul <if 
tiiorioeliiiin; 
luuliiif 
Kpritig 

I^ro/Krlic8. — 
oxidi/.C8 

LiOII, 

1. rtHfi'utw f<»r ^<*i>arating ni- 

• stnihu, If. „-e„. c/uun., a, tt,, 17, 

hidiuni and cesium, Ixut (jotU'lTniy, tiir., 7, • • . 
obtained better results with the elilorai.limoiale rca. lior.. 
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carbon dioxide from tlie air vdih avidity, forming difficultly soluble LijCOs. The 

name lithium is from the Greek lilhos =» stoue. 

MetaUic lithium costs about $2.50 per lb and is used in some alloys. Thus a 
Pb-Ca-Li alloy is used as bearing metal and Al-Li (“ scleron ”) is a substitute for 
brass. Lithium compounds are used in medicine, fireworks, and to some extent in 

glass making. r i u i 

Lithium chloride is soluble, even in the anhydrous state, in a mixture of alcohol 

and ether as well as in amyl alcohol (difference from the remaining metals of this 
group). 

Reactions in tlie Wet Way 

A solution of lithium chloride should be used. 

1. Amm onium Fluoride in ammoniacal solution slowly precipitates 
white, gelatinous lithium fluoride: 

2 Li"*" + Fs — * Li 2^3 

One gram of the precipitate requires 3,500 ml of water to dissolve it; the 
same quantity of sodium fluoride requires only 70 ml of water and the 
other alkali fluorides are more soluble. Carnot,* therefore, uses the 
reaction for the .separation of lithium from the other alkalies. The 
reagent should be pure and free from ammonium fluosilicate. 

To test for small quantities of lithium ions, evaporate the solution with hydro- 
fluoric acid on the water bath in a platinum dish and treat the residue with a little 
dilute ammonia. 

2. HelPtClf,! produces no precipitation. 

3. Na;HP 04 precipitates white lithium phosphate in alkaline solu- 
tions: ^ 

IlPOr + 3 Li+ + OH' -> Li^PO^ + HoO 

If a dry alkali salt is treated with 3 ml of 0.5 per cent alcohol and 2 drops of con- 
centrated ammonium hydroxide and the resulting solution is filtered if necessary, 
then on adding 3 ml more of ammonium hydroxide and some Na:HPO« reagent, a 
])recipitato of lithium phosphate will be obtained if 0.1 mg of Li is present. If 
much more alcohol is arUKd, there is danger of NajNH<P 04 being precipitated. 
Lithium phosphate is easily melted, whereas phosphates of the alkaline earths and 
magnesium arc not. 

4. (NH 4 ) 2 C 03 . If ammonium carbonate and ammonia are added 
to a concentrated lithium .solution, lithium carbonate is precipitated 
in the form of a white powder. The salt, contrary' to the other alkali 
carbonates, is difficultly .soluble in water: 100 parts of water dissolve 
at 13® C 1.31 parts of Li .C'Oa. In the presence of considerable alkali 
chloride or of ammonium chloride, no pi-ecipitation takes place. 

5. Tartaric Acid produces no precipitation. 


* Z. anal. Chem., 29, 332. 
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Reactions in the Dry Way 

FInme Coloration. - Pure litl.ium salts impart a magnificent, carnnine- 
1 1 +• fn the* PAS flame If considerable amounts of sodium 

"flL Speclru,n.-Kn intensely red line 670.3 m. and at higher tem- 
peratures the pale orange-yellow line 010.3 m^. 

ELEMENT 87, EKACESIUM or VIRGINIUM, Vi ^ 

In the periodic ctosification .tudS'nfid 

Considerable evidence has accuni * clement has been desenlicd 

the magneto bnlnnce that such an " vi have i.ecn propo.-ed tor it. 'nie 

OS ekac£sium, but the name i ,j'p^ l,.,vc not lieen stu.iiod, but it is reixson- 

elemeiit is so rare that its cheinu i P it is to l»e pxi>ected that the 

salts will be less solul^lc. 

^y-krkiTT\i I I'l'IIlLIM PO'^.VSSIU^t, 
nirxFPTION OF SODIUM ♦ LI I Hit- * ^ 

DLTECIIUIN cesium • 

1. Removal of NH.^ - line earth 

" dr;:=u :^;;::h :x;T:;ro; 

avoiding a high temperature > Filter -md reject anv ro'idiie. 

water and 1 drop of mterferes ivith Jhe analy.-is of thi.. group Ix-rause 

2. Removal of SO,' . - T v n"() .. ■droh..l. To the vM.lu.it.n a.ld 1 -:i 

of the slight solubility of Nhi^MLai.d * a ii.„ilii,g the residue. 

ml of concentrated IINOj an ^ i,„,^ ,i few tliop.s at a time, until 

Cool, add 5-10 ml of water and '“■'■'>^1 to stand for live minutes. 

there is no further precipitation of e Saturate tl.e liltrutc 

Filter, wash the precipitate with a hit * ’ cipitate. lilter, and reject the pre- 

with hydrogen sulfide, heat to coagulate the prcc.p.ta 

cipitate of PbS. p„luti..n in u LVi-inl eavscrole, add 1 -o 

3. Removal of K, Rb, and Cs. IK IO, -ipe evolved freely, 

ml of 9 A HCIO, and evaporate ca i<.„s inesent. ami 

Enough of the reagent inu.st be ad It volatili/.ed. l.<-t tlm 

the heating should continue till all _ ,„,r .-out 

pletely, and when cold rinse It mto a „ i 

alohol us there was ased of ,„ivtuie m the Hash, shake well, and al- 

i::;:r:;r,:;;r::::::i::^''mi.hrnngi^^^ 

• .1 * l.v NW.saml llraV.f.>aa//^i/ur.t«uf;/.si.x/ort/ic 

• The procedure here given IS thu „.,„oved by tl.c usual 

Rare EUments. It assumes that other cation.s 

qualitative procedure. 
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4. Separation of Li and Na. — Saturate the alcoholic solution with dry HCl 
gas, keeping the flask surrounded by ice water and using narrow glass tubing for 
introducing the gas. Introduce the gas until fumes of HCl escape from the alco- 
holic solution. Let the solution stand thirty minutes, and filter through a small, dry 
filter. Wash the precipitate with not more than 5 ml of 99 per cent alcohol which 
has been saturated with dry HCl. At once add to the filtrate one-fourth of its yo\- 
ume of water, which helps decompose any CjH 6 C 104 formed, and lessens the danger of 
e>cplosion during the subsequent evaporation. The above treatment serves to 
precipitate as little as 0.5 mg of Na as NaCl while as much as 100 mg of Li remains 
in solution as LiCl. 

5. Confirmatory Test for Na. — Dissolve the NaCl precipitate by pouring 5 ml 
of water through the filter several times. To the solution add 1 ml of 95 per cent 
alcohol and 5 ml of magnesium urauyl acetate reagent. As little as 0.5 mg of Na 
gives a distinct precipitate of NaMg(U02)s(CjH30j)» • 9 HjO almost immediately, 
but 10 mg of K, Rb, Cs, or Ca gives no precipitation. Two milligrams of Li give no 
precipitate, but with 5-10 mg of Li a precipitate forms after a few minutes and then 
gradually increases. If the precipitate is very small, the flame test will show whether 
it is NaCl or LiCl. 

G. Detection of Li. — Evaporate the alcoholic solution obtained ns described in 
§ 4 on a slcam-batli (a free flame is very likely to cause a wlent explosion) until the 
volume Is reduced to that of the HC10« used in § 3. Cool to room temperature and 
add concentrated nitric acid, very .slowly, a drop at a time, until there is no further 
action. This is added to oxidize the alcohol which Inis not been removed by evapo- 
ration. It is essential that all alcohol should l>e removed before the perchloric acid 
is heated above 100°. Add 1 ml of conccnlnited nitric acid in excess and heat on a 
steam-bath for fifteen minutes. Then add 1 ml more of concentrated nitric acid 
and heat the dish over a wire gauze until all the IICIO 4 ia volatilized. (If these 
directions are carried out carefully there should be no explosion, but it is best to oper- 
ate in such a way that an explosion will not harm anyone.) Finally heat the dish 
for a minute or two over a free llunic to a temi>ernture below redness. Cool; add 3 
ml of 95 per cent alcohol and 2 dro|>s of concentrated NH4OIL Filter, and reject 
any residue. To the solution add 3 ml of concentrated NH4OII, heat to 35—40% 
and add 2 drops of 0.5 A' Na:lIP 04 solution. Shake to dissolve any local precipitate 
of NajIIPOn. If a prccipiUitc of Li:I ’04 forms, add 2 ml of water and more NasHP 04 
until no fvirthor precipitation takes phicc. As little Jis 0.1 mg of Li gives a notice- 
able precipitate of LijP 04 . 

7. Conversion of KCIO,, RbC104, and CSCIO4 to Nitrites. — For the subsequent 
separation it is necessary that the alkali metals should be in the form of readily 
soluble salts, preferably the nit rites. To accomplish this the perchlorates are changed 
to less soluble cobaltinitrilcs and these are decomposed by ignition, whereby alkali 
nitrite and insoluble C 0 JO 4 are formed. Transfer the HCIO4 precipitate, obtained 
as described in § 4, to a casserole by dissolving it on the filter with a little hot water. 
Evaporate to dryness, and to the residue add 3-12 ml of molar NasCoCNOz)# re- 
agent which has been mixed with half as much 6 N acetic acid. Let stand ten to 
fifteen minutes with frequent stirring, and filter oft' any precipitate of K:NaCo(NOj)*, 
Rb 5 NaCo(NOj) 8 , or CssNuCotXOjls. Wash the precipitate with 5-10 ml of the 
reagent diluted w ith 10 volumes of water. Reject the filtrate. Transfer the precipitate 
to a 25-ml casserole, add 1 ml of potassivim-free 9 .Y NaNOj solution, evaporate to 
drj'ness, and ignite the residue gently until it fuses and no longer effervesces. Cool, 
add 5-10 ml of water, filter, and reject the black residue of C 0 JO 4 . Evaporate just to 
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drynes.,; add 1-2 n,l uf water aad 0 .V arctic acl.l Ui.t.l tl.e saluticn L. barely acid to 

litmus Filter if iiecessiiry, iiiid reject the residue. • i« 

8 Separation of Rb and Cs from K. - The sepuruti,,.. to be dcsenl^d depends 
the fact that Kb ai.d Cs react with NaNO. ai.d Iht.NUr). to form slightly solub e 
salts, Rb.NaBitNOi), iii.d Cs.NallitNUj.. To ...i.kc the separation “ 
as possibfc the solutioii slii.iild have a siiaiU vohi.i.e, and coiitaiii 

with relatively little Ui(N'Oi),. To the iiitnte sohitioii i.i a saiall test tube add outs 
:::^h offeviiiiic ..f KtcNOi). ieage.it, shako ..i.t.i i.uy 

stoDDOr the tube and let it slaml fifteen to thirty minute-s lu ice Ihou %\ar u 

fr;due..t,y for t.ve or longer 'Vcllmv, „y s.a h.,e ^ecipj^ 

1 f ulyg.r ^ If ihrtre ureeipitate foriiL^, :iddO..>-uil portions oi uoin 

t^g ... atltl Lt's.a.'l .h,i.y ..ii,,ut« a. ice watta^ 

a Si..i.n, d.y mtor, and wash 

mixture of 9 N NaNOi mixed with ono-fourt h us mu-h B, 

Ircutinciit serves to sepurate ‘ InMnulli’initrite ,,recipitate. atid, 

from a dropper, 1 drop o O.d J as complex nitrite. 

This serves to pienpitate aii\ Ul> h. I 1 To f lie lilirate 

i^Saci^cN^:; :;n'roM:t rif r;: 

10 . Partial Separat, on of Cs from Rb. 1 ^ ^ 

eipitule any Cs in excess of ., inK. ai K 

thebismuthinitrite preciiatate l § S) m d tnl , 

-hi- ‘-f '''r;i;;:;'"t^hle ..f <s,si„fb ...11 

mh.i.les will, fr, • J „ ,«.,.,,|| I, he, and -I th,- 

form if mor<^ than 5 mu of I •• is pt‘ i'* 

precipitate. _ f,„,„ „ie (’s,SI.,('b pre- 

11. Final Separation of Rb from Ct>. s t.. remove Si. and Hi. Filter and 

eipitate, add 10 ml ,|.e l.hiatc to dryness, add d ml 

reject the Sl.vS ami 1|,, ,hM,u|-l. a small hitcr into a 

short I-y,.x test tube. Evap tim I" , ..f ' u-d solu- 

drops of saturate.! sodium acid laitia . .so i . . ^ for at least live 

tmn of sodium ^■ldo..aut...tolueneM.e.asulfona(e. . ^ 

minuU.-.s. then a.id o ml more nr"l'!‘up IVldUained with 1 in« of Kl.; Cs .loes 
while, erystalhne p.ecpi ate o Kb > • Imth leuKents 

not give u precipilale uiile^c> 10 ihk * 

U. Hive proei,.it:ites hkejtl.. oonlaimnK (he HldUMl.O* pm- 

1.. Final Test .h^.s of Bn Nth), rea.en, . 

cipilaU-, jiour O-.O-f, ml of .1 A NuN ^ > p.vcipilntc at this sta^e i.^ 

shake, and let stand thirty inu.ute.s m ue wati i . A >c I 

Ub,NuBi(N(Jo>t. ... n,,. UldKMl.tb Pt<‘‘’'l>iti'te adil d 

Id. Final Test for Cs. - T„ the ™ . ca.!. .h.rty 

ml of molal silieotunK,state leaKeiit and 1 it-nu-mbcred tlml 

A fine white pieelpituU- of CssS.W.tO,.. denotes C ' 

all Cs over als>ut 5 mg was preeiialated as C.saM*/ '/ 3 
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REACTIONS OF THE RARER METALS 


For the detection of small quantities of alkali metals, the spectroscope is invaluable. 
From silicates, the alkali salts can be obtained as outlined on page 448, method 3. 


RHENIUM, Re. At. Wt. 186.31, At No. 76 

Density about 21.2. M.P. >3100“ 

Among the elements lately discovered, none is more interesting than rhenium 
which was detected by the study of x-ray spectra by Noddack, Tacke, and Berg in 
1924. In the periodic table of Mendel<-eff (p. 87) there were three missing elements 
in Family VII; Mendel6eff predicted that elements would be discovered to fill these 
gaps and prophesied what the properties of these elements would be. He called 
element 43 eka-mangancse and element 75, dn-manganese. 

Rhenium, which is named after the German Rhine, corresponds to dvi-manganese. 
Masurium, Ma, also discovered by Noddack and his co-workers, corresponds to eka- 
mangnnese. Concerning masurium, little is known, although lines have been de- 
tected in the x-ray spectra which are probably caused by the presence of very small 
quantities of this element in rare minerals such as columbite, sperrylite, etc. An- 
other member of Family VII of the periodic table is element 85. This element be- 
longs to the other side of the family and should be the analogue of iodine; it has been 
culled eka-iodine. Allison and Murphy believe that they have detected this element 
and have studied its properties by magneto-optical analysis. To it they have as- 
signed the name alabainine, Am, and the atomic weight 221. 

Rhenium ha.s been detected in at least 100 minerals, but the maximum concentra- 
tion found was about 0.001 per cent Re. The facts that it forms a sulfide Re^Sr, 
which is insoluble in acid, and that this sulfide can be changed to the oxide RejO 
which is quite volatile, have m.ade it possible to recover appreciable quantities of 
rhenium oxide from minerals containing very little rhenium. By reduction of the oxide 
in hydrogen, the metal itself has been obtained as a hea^'^^ gray powder. Metallic 
rhenium icseinbles platinum in appearance and, next to tungsten, is the hardest to 
molt of all metals. It is possible to purchase rhenium, or its perrhenate, KReO«, 
at about $-1 per gram of Ue. Rhenium is easily dissolved by nitric acid, but instead of 
getting Re(NOj) 2 , as might be expected, HReO< is formed: 

3 Re -I- 7 NOr 7 11+ — 3 HReO* -j- 7 NO -h 2 H,0 

It dissolves slowly in sulfuric acid but is not attacked by HCl or HF. 

At least five oxides of rhenium have been described. Black rhenium dioxide, 
ReO:, corrc-sponds in its composition to MnOi. It has been obtained by adding KI 
to the concentrated hydrochloric acid solution of KRcO* and neutralizing with NaOH. 
Under similar conditions, manganese would give MnClj and a precipitate of Md(OH)j. 
ReOj h:is also l)een obtained by adding considerable hydrazine hydrochloride, 
NjH« • 2 HCl, to a solution of perrhenate in 50 per cent KOH. 

Rhenium trioxide, ReOa, has been described as a red powder, and intermediate 
oxides such as ResO*. of violet or blue colors, have been mentioned. 

Yellow rhenium heptoxide, RcsO:, is obtained easily by heating Re in the air or 
in oxygen above 150®. It molts at 220* and sublimes at a somewhat lower temper- 
ature. WTiite Re:Os is formed when Re or a lower oxide is heated below 150*. It 
melts at that temperature and changes rapidly into RciOr. These two oxides, 
RojO; and RcsOs, are acid anhydrides and are readily soluble in water, but the lower 
oxides are weakly basic. As is true of the manganates, the salts of rhenic acid, 
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H,ReO„ are fairly stable Id alkaline solutions but Jecompose slowly into dioxide and 
perrhenate: ^ ^ 3 - 2 ReO." + ReO: + 4 0H- 

The perrhenates are less stable^n alkaline solntto 

acid solutions, as^U(OH)., liberate CO. front 

cXonX an" dissolve metals with liberation of hydrogen. An aqueous solut.on 
of RjOs reacts like a peroxide. 
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Absorption spectra 

Acetate ion, cffecl on ioni/iitkm of 

Acetates, reactions of 

Acetic acid 

ionization 

neutralization of 



Acetone 

Acid group of earths 

properties, cause of 

reaction 

Acids, action on 

constant boiling 

detection of 

division into groups 

evniKjration of 

examination for 

hydrogi’n of 

ionizati»)n of 

neutralization of / 

preparation of wdution for analysis of 

replacement of one aeiil by an<»tb*'r 
c<>nc<*nt rut ioHK , 

Acids and buses, detection of 
Activation of passive iron 

Active masses 

Activity coenieit*nts 

Additive pro|K^rlies 

Adduction 





AginK of prccipitat<*s. . . - 



Alcohol^ solubility of siilts in 

AU/4trin 

Alkali 

iinulysirt of ' ’ 

hydroxides, concent rat icins cd 

Alkalies, detr*ction in silicates 

reactions of 

Bcporution from iiiuKncMUiu 
* twri 


r^oB 



<2 

-i'.i 

.'k-M 

:tr.7 
11. itv 

‘1 

fi 

111. 171, -P‘0 
li. -l-l 

Ill 

2U7 

ilS 

JOT, 17 l. 170, r.01 

t) 

. b. 7. H.lii 
*1 

171. 47',>, '01 
tlO 

ss 

01 

•JlK 

12 

12 , 12 
7 
21 
r.do 
•112 
07 
2S-1 
200 

101. -120 
270, .^O I 

•jor), ooo 
.... so 
118, r.oi 

270, 201 
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Paqb 

Alkalies, separation from Group III 250 

Alkaline earths 259, 594 

analysis of 275 

separation from alkalies 276 

Group II 250 

sulfites 368 

and thiosulfates 415 

Alkaline reaction of salts 53» 474, 489 

solutions, notes concerning 469, 472, 474, 489 

Alkanna tincture 121 

Allanite 

Allotropic modifications 355, 406, 450 

Alloys, analysis of 489 

Aluminum 138 

detection in the presence of organic substances 193 

hydroxide, ionization of 60 

oxide, method of dissolving 123 

separation from other members of Group III 251, 255 

metals 250 

Aluminon reagent 121 

Alunite 138 

Amblygonite 597 

Amethyst 138 

Ammonia. Ste Ammonium. 

equilibrium with water 290 

in drinking water 292 

Ammonium carbamate 261 

carbonate 89,261 

chloride, use of 271 

hydroxide, ionization of 11, 15, 17, 271 

ions, effect on ionization of ammonium hydroxide 271 

molybdate reagent 89, 149, 400 

reactions of 289 

salt of aurintricarboxylic acid (aluminon) 191 

salts, action of strong bases on 290 

elTect on i)reeipitation of magnesium 271 

ignition of 294,295 

sulfide group 1S8, 540 

analysis of 250, 497 

Amphibole group of minerals 270 

Amphoteric electrolytes 58 

Amygdalin 324 

Analysis, chemical 1 

qualitative 1 

quantitative 1 

spectroscopic 79 

systematic 452, 494 

Anatasc 546 

Aiiglesite 110,260 

Angstrom, unit of wave Icngih 66 
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Anhydrite 

Aniline test 

Anions 

examination for 

preliminary examination for . . . . 

reactions of 

Aonabergite 

Anorthite 

Antimonic compounds 

Antimonous compounds 

Antimony 

separation from other motaU 

Antimony trioxide 

Apatite 

Aqua regia 

Aragonite 

Argentite 

Argyrodite 

Arrhenius, ionization theory 

Arnold’s base; test for mercury 

Arsenic 

acid, ionization of 

reactions 

BettendorfT's test for 

detection in Iniman organs 
wall pa[K rs 

Gutzeit test for 

Marsh test for 

pentoxide 

Reinsch test for 

Reparation from oth<T ineiais. . 

trioxidc 

Arsonie-tin group, analysis of 

Arsenious acid, ionization of 

reactions 



Aruenopyrite 

Arsine (arseniuretted hydrogen) 

Asbestos 


Pace 

2C0 

170 

... 12, 297 

474, 479. oOl 
45!^, 474, 470 
297 


2;io, 2;i« 

200 

103 

ir>o 

ir)0 

179, ls3, 472. 400. 497 

l.')9. lt>2 

142, 200 

301 


200 
90 
T) 1 4 
4. 3 
113 
141 
10 
14R 
147 
1 57 
1.51, 157 
155 
151. 152 


1 50 

179, IVt, 173. 1'i5, 490 

142 

179, 1S3. 473. 49.5. 490, 

10 


143 

142 

142 

151 

270 

3V2 


Asymmetric carlwn atom . . 
Atacamite 


Atomic weight table 
Augilc 


Aurintricarlx>xylie acid 

Autenrieth and Winduus, separation 


of sulfurous, 


12^ 

Itiu'k coviT 
. . . . 270 


thiosulfiiric and hydro.sul- 


191 
4 1 5 


furic acids . . . . 
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Available energy 304,553 

Azides . 353 

Azide test 123 

Azuritc 
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B 

Baddele>it€ 

Ball’s reagent 

Barite 

Barium 

chloride test 

separation from calcium and strontium 

sulfate, decomposition of 

Bases. See alkalies and cations. 

concentration of 

detection of 

hydroxide of 

ionization of 

neutralization of 

Basic properties, cause of 

Bauxite 

Bead tests 

Benzaldehyde 

Benzoic acid, ionization of 

Bervl 

Beryllium 

separation from unmiuni 

Berzelianite 

Berzelius-Marsh test 

Bettondorff’s arsenic tost 

Bismite 

Bismuth, reaction.s 

separation from other metals of H;S group 

Bubnitrate 

Bismuthie acid 

Bismuthinite 

Bismuth-sodium thiosulfate reaction 

Bismutito 

Blochmann, strength of rc.agcnts 

Blondlot-Dusart test for phosphorus 

Blowpipe reactions 

Bog ore 

Boracic acid 

Borates, solubility of 

Borax 

beads 

Boric acid 

Braunite 

Breakage of dishes, cause of 

Breithauptite 

Bromine (free), reactions 

detection in noiw'lectrolyte.s 

presence of Cl and 1 

Brbnsted, definitions of acid, base and salt 

Brookite 


Paob 

552 

284 

260, 266 

266 

477 

275 

268, 468 

89 

61 

6, 7 

11. 17 

6, 8 

6 

188 

74, 455 

324 

16 

540 

540 

544 

r.0S, 573 

152 

147 

123 

123 

17S, 181, 182, 4% 

124 

124 

123 

280 

123 

86 

408 

78. 456 

205 

375 

375 

284, 375 

74, 455 

375 

218 


230 

313 

314 
321 

6 

546 
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Brucine reaction 

reagent 

Brucite 

Bunsen 

flame, parts of - - . ■ 

Bunsenite 



Cacodyl oxide 

Cadmium, reactions. 

separation from otlier metals. 

Calamine 

Calaverite 

Calcite 

Calcium, carbide 

reactions 

nitride 

phosphate, dissolving in acids . 

phosphide 

separation from Ba aiul Sr. . • 

Culgon 

Calomel 

Carbamate of ammonium 

Carbides, solution of 

Carbon disullide, detection of 

Carbonat<‘.s, behavior on ignition 

solubility of 

Carbonic acid, ionization of 




Carborundum 

CariuB test for halogens in organic 



dissociation of 

Carnot, detection of iwUissium . . . 

Cumotite 

Caro’s acid 


materials 





Cassilcrile (Tinstone) 

Cassius, purple of 



Catalytic efteet 

Cathode 

Cations 

reactions of 

Caustic alkali, deleelion in prc-si-iu e of 



<arl)oniite.s 




Centrifugate 

Centrifuge 

Ceric compounds, reaeli<mH 

Cerile 


P*OE 
340, 417 


417 

270 


71. S3, 297 




359 

13S 

. 179, 472, 490 

245 

511 

200 

204, 409 

200 

204 

:;0, 51 

2t'> 1,470 

275. 499 

393 

Kit. 

2t>l 

tl.7, 40'J 

133 

373 

371 

.. ... 10, 11, 10 

370 

451,407 

304 

270, 2M>, 573, 590 

4 

2S0 

579 

431 

’ 5i'.0 

100, 40S, 552 

519 

597 

134 

12 

12 

99,471.494 

490 

200, 204 

493 

193 

509 

500 
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Cerium 

Cerous compounds, reactions 



Cesium, separation from other alkali metals 

Chalcedony 

Chalcocite 

Chalcopyrite 

Clrnlk 

“Chamber acid” 

Charcoal reductions before the blowpipe 

stick reactions 

Chemical analysis 

equilibrium 

reaction 

Chili saltpetre 

Chloanthite 

Chlorates 

Chloric acid, detection in the presence of HNOj and HCl 

reactions 

Chloride, detection in thiocyanates 

Chlorides, behavior on ignition 

solubility of 

Chlorine detection in non-electrolytes 

presence of Br and I 

silicates 

(free), reactions 

Chloroplatinic acid (reagent) 

Chromate, oxidizing action of 

Chromates 

Chromic acid, reactions 

oxidation by means of 

compounds, reactions 

sulfate, behavior of 

Chromite 

analysis of 

Chromium 

j>eroxide 

separation of other members of Group III . . ■ 

Chromophore 

Chromous compounds, reactions 

Clirysoberyl 

Cinchonine 

Cinnabar 

Citrates, solubility of 

Citric acid 

ionization of 

Claudetite 

Clausthalite 

Clay 

Closed-tube test 


Page 

560 , 566 

567 

110, 260 

599 

443 

128 

128 

259 

110 

78, 456 

75 , 466 

1 

2 

1 

284 

230 

422 

424 

422 

342 

303 

301 

304 

320 

446 

305 

90 , 281 , 595 , 696 

34 , 202 

199 

203 

34 , 202 

197 

196 

195 

469 

195 

196, 202 

. 251 , 255,498 

61 

196 

540 

126 

104 

387 

387 

16 

142 

508 

188 

.... 74 . 77 , 453 
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Cobalt, complex ions of 

detection in nickel salts 

hydroxide, acid properties of . . 

reactions 

separation from other metals. 

Cobalticyanic acid 

Cobaltite 

Codeine lest for selenium 

Colloidal solutions 

substances 

Colloids 

hydrophobic 

lyophobic 

protective 

Color imparted to the flume 

Coloradoitc 

Columbite 

Columbium (same as Niobium) 

Common ion 

Complex ions 

ionization constants of. . 

salts and double salts 

valence of 

Concentration 

chanRcs and ionization. 

inolal 

normal 

of reaRcnt.s 

Conductivity and ion eoneentralion 

Conductors of electricity 

Constant boiling acids 

Copper 

separation from other in«-t»ls 

Coprecipilation 

Corundum 

Counter ions 

Cream of tartar 

Crocoite 



Cryolite 

Cupferron 

Cupric compounds, reactions. . - • 

xanthate 

Cuprite 

Cuproscheelite 

Cuprous compounds, roartions 

xanthate 

Cyanales, sfdubility of 

Cyanic acid 

Cyanides 


Pace 

28 

244 

239 

239 

251. 255, 498 

243, 344 

238 

510 

04 

04, 131, 189, 444, 586 

04 

60 

GO 

65 

74, 457 

511 

588 

587, 59 1 

49 

27 

29 

28 

28 

2, St) 

15 

3, 1.8. 19. 21 

SO, 88 

8S 

9 

t 

09 

128 

. 179.181.472,490 

08 

ISS 

07 

3.8:1 

no. 195 

573 

188, 2S4 

. 1:55 . 214 . 519. 5 55 

131 

132 

128 

585 

130 

1 : 5:5 

:5oo 

\m 

325 
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Cyanides, behavior on ignition 

complex compounds 

decomposition of 

Cyanogen 

complex compounds of . . . 
compounds, decomposition 


329 

28, 136, 211, 243, 249, 326, 329, 336, 344, 469 

217, 329, 335, 338, 469 

331 

. . . 28, 136, 211, 243, 249, 326, 329, 336, 344 
of 217, 329, 335, 337, 469 


D 

Daniell cell 

Daniel’s tetraOuoride test 

“ Dcnigds’ ” reagent 

Devarda’s alloy 

Diaspore 

Dibasic acids, ionization of 

Dichromatc, oxidizing action of 

Dicyandiamidine reagent 

Didymium (see Neodymium and Praseodymium) 

Dimctbylaminobenzilidinerhodamine 

Dimethylglyoxime 

Dinitrodiphenylcurbazidc 

Diphenylamine, reagent 

Diphcnylcarbazide 

Diplicnylcarbazone 

Diphonylthiocarbazone (Dithizonc) 

Dipicrylaminc 

Dipyridyl 

Dissociation, electrolytic 

influence of concentration upon. . . 

of carbonic acid 

camallito 

electrolytic 

hydrogen sulfide 

phosphorus pcntachloride 

sodium carbonate 

water 

Distribution coefficient 

law 

Dithionic acid 

Dithizonc 

Division of acids into groups 

metals into groups 

Dolomite 

Drinking water, ammonia in 

nitrous acid in 

Dry reactions 

Dysprosium 


41, 43 

447 

388 

37 

188. 205 

10, 11, 16 

34, 202 

233, 24r 

572 

101, 121, 517 

90, 169, 210, 233, 241, 525, 581 

140 

347, 418 

121, 140, 199 

121 

113, 135, 247 

281 

210 

4 

15 

11, 16 

4 

4,11,16 

11, 16, 210, 350 

3 

10 

11, 17 

14 

14 

229, 356 

1 13, 135, 247 

297 

85, 87 

260, 270 

293 

347 

71, 453 

560, 566 


E 

Earths, acid group of 


rare 


585 

560 
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Pace 

Electric charge on ions 7 -/j 

Electricity, transport of 7 

Electrode 12 

Electrolysis, explanation of 7 

Electrolytes 5 

ionization of H 

Electrolytic dissociation 47 

solution pressure 39 41 

Electromotive series 39, 40 

Elements, periodic elassificati«»ii of 60, bT 

typical reuctiotis of 94 

Emerald, oriental 

Emery 

Einmonsito 51I 

Euiplectite 123 

Energy, free or avuil:il>li‘ 22s 

Enstatite 270 

Epidote 597 

Epsoinite 270 

Equilibrium between a .s<jlid and a liquid pj 

two liquids 14 

clicitiical 2 

hoinogc-iH'ous .... 4 

Equivalents 

Erbium .'itiO, oOO 

TiiiiCiionsi 

Erythrite 

Etching test 

Ethyl acctiitc 

37,-, 

Eucairite r^)s 

Euelase .-..jO 

Europium 

Euxetiite .*.-,0, • tiO 

Evaporation of acids 9%^ 

Exajiiination, preliminary 71 4.-,;i 

Exj)ouent, hydrogen 9I 

F 

Faraday 5 12 

Fehlirig’s solution 132 

l-eldspar 2b0 

Ferljcrite ggg 

FiTguKonite 599 

I'erric comtwuinls, reactions 2i;i 

reduction of 32, 37, 3.S, 39, 214 

Ferrieyanic acid 339^ 3.U1 

Ferricyunides 339 

decoini>osilioii on ignition '317, 338 
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Ferrocyanic acid 

Ferrocyanides 

decomposition on ignition . . . . 

Ferrous compounds 

oxidation of 

Ferrous oxide, detection in presence of iron . 

suldde, theory of dissolving 

Filters, size of 

Filtration 

Fischer, Emil, detection of hydrogen sulfide 

Flame, colorations 

parts of 

reactions 

spectra 

Flocculation and peptization of colloids .... 

Fluorcerite 

Fluorescein test ; 

Fluorides, analysis of 

solubility of 

Fluorine, detection in silicates 

Fluorite 

Fluoailicic acid 

Formic acid 

ionization of 

Forslerite 

Franklinite 

Free alkali in presence of carbonates 

chlorine 

energy 

Fuchsin test 

Fulgurator 

Fulminating gold 

Fusibility, test of 


G 

Gadolinitc. ... 

(ladulinium 

Galena 

Gallium 

Garnet 

Garnicrite 

Gas, composition of illuminating 

Gas mantles 

Gas spectra 

“Gas-water” 

General principles 

scheme of analysis 

Gcrmanite 

Germanium 

Gersdorffitc 


Paox 

... 333,343 

333 

.... 217,335 

208 

31 , 33 , 34 , 207 

212 

210 

70 

70 

352 

. . 72 , 74 , 457 

71 

71 

79 

67 

560 

311 

.... 440, 468 

436 

438 

.... 260,435 

441 

324 

16 

270 

245 

490 

305 

228 

312 

82 

517 

71 , 73 


556 , 560 
560 , 565 

no 

. 578 

. 188 
230 
71 

. 557 

82 

. 324 

1 

471 , 494 
514 
514 
230 
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Glucinum (same as Beryllium) 

Gold 

detection of small amounts in alloys and ores. . 

fulminating 

Gold reactions 

Gothite 

Gram-equivalents 

Grceuockite 

Griess, Peter, detection of nitrous acid 

Groups, division of acids into 

metals into 

periodic classification into 

Guldberg and Waagc, “Law of Chemical Mass-action" 

Gutzeit test for arsenic 

Gypsum 


Page 

540 

515 

519 

517 

516 

205 

S6 

13S 

347 

297, 479. 501 

85 

87 

•> 

. . • . . «« 

155 

200 


H 

. 559 

Hafnium . 

Halite 

Halogen compounds, insoluble 

Halogens, detection of HCI. HBr, and HI in the presence of one another. . . . 320 

in presence of cyanide 

thiocyanate 341 

oxidizing action of 



Heat colors '* 

of formation of water 

Hematite • • ' 

Ilepar reaction 

Hexathionic acid ' ‘ 

,, , . at.O, 5l)b 

Holimum 

I lomogeneous equililirium 

Hornblende 

Horn silver 

r)S;> 



isH 

Hydrargilbte -i/u ' ■-.ii.V ViV '51 1 VM 

Hydrazoic acid 

Hydriodic acid 

deirsetion in the presence of HCI and HBr 320 

reduction by 

' 11(1 

Hydrobrornic acid ' 

detection in the presence of HCI and HI -> 2 (l 

Hydrochloric acid 7*''-^ 

detection in the presence of HBr and HI 3_0 

HNO, and HCIO, 424 

oxidation by nitric acid 30() 

IKTOXides 3U0 

Jlydrochlorplatinic acid. -See Chloroplatinic acid. 
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Hydrocyanic acid 324 

in presence of halogen and complex cyanide 332 

ionixation of 11,16 

Hydroferricyanic acid. See Fcrricyanic acid. 

Hydroferrocyanic acid. See Fcrrocyanic acid. 

Hydrofluoric acid 435 

Hydrofluosilicic acid (sec Huosilieic Acid) 441 

Hydrogele 189 

Hydrogen exponent 61 

ion, effects on hydrogen sulfide 51, 210, 248 

expressed as pn values 61 

of acids 6 

nascent 36 

peroxide 286 

oxidation by 34 

reduction of ixM-inanganate 229, 287 

reduction by 35 

sulfide 350 

as reducing agent 37 

detection in presence of HjSOj and HiSjOj 414 

effect of hj’drogen ions on 51, 210, 248 

ionization of 11» 16, 350 

theory of precipitation by 51, 210, 248 

Hydrolysis 52, 118, 124, 150, 103, 107, 189, 213, 270, 547, 551 

constant 2, 53 

of ferric salts 213 

titanium sjilts 551 

prevention of 58, 193, 551 

Hydrorubianic acid 135, 183, 234, 331 

Hvdrosole 189 

llydrosulfuric acid (Hydrogen Sulfide) 350, 356 

Hydroxylamino 513, 529, 533, 535 

Hydroxide ions, detection in presence of carbonates 490 

of bases 6 

R-Ilydroxyquinoline (oxine) 192, 272, 581 

Hyijochlorite in presence of chlorate 424 

Hypochlorites 307 

Hypochlorous acid 307 

Ilypophosphitos, solubility of 362 

Ilypophosphoric acid 405 

Hypopliosphorous acid 362 

Hypos' ilfurous acid 356, 411 

llypu’/jumdic acid 579 

I 

Illinium 573 

Illuminating-gas 71 

llmenite 546 

Inclusion 68 

Incrustations, metallic and oxidic 77, 79, 457 
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Indicators, sensitiveness of 

theory of 

Indigo 

Indium 

Infusible precipitate 

Insoluble halogen compounds 

substances 

analysis of 

sulfates, method of attacking 

lodates, solubility of 

Iodic acid 

Iodide of starch 

Iodides, solubUity of 

Iodine, detection in non-electrolytes 

presence of bromine 

equilibrium between two solvents 

free 

reactions of 

Ion, definition of 

electric charge on 

Ionization 

amphoteric 

and changes in concentration 

constants 

of dibasic acids 

common electrolytes 

salts of weak acids or bases 

theory 

Ions, complex ; ; ; ' 

concentration proportional to conductivity 

electric charge on 

nomenclature of 

positive and negative 

reactions of 

Iridium 



Iron ' 

detection in the presence of ferrous oxule, 

passive 

rusting of 

separation from other metals 

eUte of oxidation in original substutice. . . . 


Jasper 

Kaolin 

Kermesite 

Kiescrile 


J 
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61 

349. 418, 531 

576 

121 

465, 467 

465 

467 

467 

396 

306 

320 

316 

318 

320 

. .. 14,319 

319 

319 

5, 12 

7, 59 

1. 11. 16 
. . GO 
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.. 2,16,17 

10,11.16 

11 

10, 13 

4 

27 

13 

. . 7, 41,59 

12 
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20 

533 

524 

205 

212 

20K 

207 

2:>l. 2.‘.4. 497 
498 


413 


18S 

159 

270 
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Klaproth. 

lirenaerite 


Paob 

543 

511 


L 

Laboratory reagents 

Lanthanum 



Lead acetate (sugar of lead) 

reactions 

separation from Ag and Hgf 

ammonium suI6de group 

other metals 

sulfate, dissolving of 

Lehrbachite 

Lepidolite 

Leucophanite 

Liebigite 

Lime 

air-slaked 

Lime method for detecting halogens in orgamc material 

Limestone 

Limonite 

Liquids, analysis of 

Litharge 

Lithium 

separation from other alkali metals 

Litmus 

Logarithms, negative 

Lollingilc 

Lutecium 


88 

560, 561, 562, 571 

195 

357 

110 

116, 495 

180, 495 

176, 472, 495, 496 

115, 468 

508 

596, 597 

540 

542 

260 

260 

304 

259 

205 

489 

Ill 

597 

600 

62 

18 

142 

560, 566 


M 


Magnesia cement 

mixture 91,402 

Magnesite 260,270 

Magnesium 270 


ammonium phosphate, solubility of 


hydroxide and ammonium salt 271 

reactions 271 

reduction with 

sep-aratioD from alkalies 275, 500 

Magnetite 205,270 

Malachite ^ 

Manganese 218 

separation from Ni, Co, and Zn 251, 498 

other metals 251, 253, 498 

Manganic acid 219, 227 

Mangnnite 218 

Manganites 219, 220, 221 
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Pace 


Manganous acid 

compounds 

Mantles for gas illumination 

Marble 

Marcasite 

Marsh test for arsenic 

Mass-action law 

applied to hydrolysis of bismuth solutions, . 

ionization 

oxidation and reduction 

precipitation by ammonia 

hydrogen sulfide 

Meerschaum 

Meliphanite 

Melting-points of certain metals 

Menaccanite. See llmcnitc 

Mercuric compounds 

cyanide, behavior of 

mercury, separation from other metals 

Mercurithioeyanate test for copper 

Mercurous compounds 

mercury, separation from Ag and I’b 

Mercury 

detection in urine 

the air 

Metallic and oxidic incrustations 

Metalloids. •Set Anions. 

Metals, division into groups 

examination of 

general tables for the examination of 

preparation of solution for analysis for 

reactions of 

reducing action of 

Metaphospliutcs, solubility of 

Mctuphosphoric acid 

Metastunnic acid 

Methyl orange 

Methyl red 

Methylene blue 

Mica 

Microcosmic salt, (Salt of Phospliuru-'') 

Micromilligram, y, unit of weight 

Micron unit of length 

Millcritc 

Millimicron, m^, unit of length 

Millon’a base 

Mirnetitc 

Minium 

Mltscherlich test for \vhit<! [jhospborus 

Mixed crystals 


219, 220, 221 

220 

5.57 

259 

205 

.. 151,152 

2, 12 

124 

15 

.... 45. 40 

271 

51, 210, 24S 

270 

.540 

73 

54G 

119 

328 

471, 472. 490 

134 

10.5 

no, 472. 495 

104 

108 

109 

77, 79, 4.'>7 


85 

.1S9 

471,491 
hit). 4(i7, 494 

99 

.... 3:>, 77 

393 

3‘.)3 

175. lOti, 408 

02 

ti2 

3.52 

. .. 1S.S, 2^0 

74, 4U3, 4.)i) 

93 

tiii 

230 

00 

293 

no, 142, 200 

Ill 

407 

08 


620 


INDEX 


Molal concentration 

Mole 

Molybdate of ammonium 

Molybdenite 

Molybdenum, reactions. . 

Molybdic acid 

Monazite 

Monticellite 

Morin 

Mottramite 

Muscovite 


Page 

3 , 17 , 19 , 26 , 86 

3 

. 89 , 400 , 505 

505 

505 

505 

560 , 588 

270 

192, 542 

579 

. 188 , 280 , 597 



Nagyagite 

Nascent hydrogen 

Natron 



Negative and positive elements 

Neodymium 

Nernst formula 

Nesalor’s reagent (Potassium Mercuric Iodide) 

test 

Neutralization of acids and bsises 

heat of 

Ncwjanskite 

Niccolitc 

Nickel, detection in cobalt salts 

reactions 

st'paration from other metals 

sulfide 

Niobitc 

Niol)ium (same as Columbium) 

separation from other metals 

Nitrates, solubility of 

Nitric acid, detection in the presence of nitrous acid. . . . 

HClOsandHCl 

ionization of 

oxidation with 

of hydrochloric acid 

redactions 


Nitrides 

Nitrites, solubility of 

Nitrobenzeno-azo-naphthol 

Nitrobenzene-azo-resorcinol 

Nitrogen, detection in organic compounds 

Nitron, reaction with nitric acid 

Nitropnisside test 

Nit rose 

Nitroso-0-naphthol tests 


515 

36 

284 

508 

58 

560 , 572 

42 

. . , 91 , 122 , 292 , 373 

292 , 293 

6 , 8,30 

8 

524 

142, 230 

234 

231 

251 , 254 , 498 

232,234 

588 

587 , 591 

592 

417 

420 

424 

16 

33 

300 

416 

470 

346 

272 

272 

331 

419 

353 

345 

210 , 214 , 235 , 242 , 527 
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Nitrosodiazobenzene 

Nitrosyl chloride 

Nitrosyl sulfuric acid 

Nitrous acid, detection in the presence of IINOj 

ionization of 

reactions 

Nomenclature of Ions 

Non-mctallic substances, examination «if 

Normal potentials 

solutions 

Noumeite 

Noyes and Bray, Qualitative Analysis 


Page 

m 

300 

345 

420 

16 

345 

12 

453 

43 

S6 

230 

285, 500, 515, 549, 552, 599 



Occlusion 

Odor, testing the 

Olivine 

Onofrlte 

Orangite 

Organic matter, removal of 

substances, tests for halog*-iis, sulfur, etc. . . 

Oriental emerald 

topaz 

Orpiment 

Orthite 



Osmic acid 



Osmium 


reactions 

Osmotic pressure 



Oxalates, behavior on ignition. - 

solubility of 

Oxalic acid 

detection in preliminary exaiiuriat i..ii 

ionization of 

oxidation by ptTinangnnat*? 

Oxidation, and roduclioD in vitreous fhiv s. 

by chromic 



hydrogen peroxich- 

nitric acid 

[>eriiianganic acid 

definition of 

of one molecule at exjK-iise of another 


Kimihir nn 


HCl by UNO. 

IKitcrit iuln 




o 

270 

508 

556 

i:.7. 230. 173 
301. 314, 354 

188 

1S8 

142 

560 

1S8 

530 

521 

530 

. . 530 

39 

•14 

381 

379 

379 

459 

16 

220 

. . 74, 455 

. , . 34. 202 

32, 33 

34 

33 

34 

30 

228 

300 

3(M) 

40 
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Oxide incrustations 

Oxine (S-Hydroxyquinoline) 

Ozone 

P 

Palladio compounds 

Palladium 

Palladous compounds 

Pnra-nitrodiazobenzene test 

Partition law 

Passive iron 

Pcntathionic acid 

Peptization of colloids 

Pcrboric acid 

Pcrcarbonic acid 

Perchloric acid 

Pcrchromic acid 

Periodic grouping of the elements 

Permanganates 

Permanganic acid 

oxidation by 



Peroxide of hydrogen 

sodium 

Peroxides, dissolving of 

lest for 

Porsulfuric acid 

Pervanadic acid 

Pctalite 

Ph values 

pg values 

Phases 



Phenolphthalein 

Phenylhydrazinc test for molybdenum 

Phosphates, solubility of 

Phosphides, dissolving of 

Phosphites 

Phosphomolybdic acid reagent 

Phosphoric acid, detection 

in preliminary examination 

ionization of 

reactions 

Phosphorous acid, reactions 

Phosphorous 

detection according to Blondlot-Dusart . 

Mitscherlich. . . . 

in iron and steel 

pentachloride, dissociation of 

salt of 


Paqb 

77 , 78 , 79 , 457 
192 , 272 , 581 
288 
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524 

625 

291 

14 

208 

356 

67 

378 

374 

426 

196, 202 

87 

227, 229 

229 

34, 229 

546 

286 

286 

469 

490 

428 

580, 581 

597 

18 , 20 , 61 

26 

3 

540 

61 , 62 

507 

400 

470 

390 

136 , 162 , 282 , 292 
252 , 400 , 473 , 502 

473 

11 , 16 

400 

390 

406 

408 

407 

402 

3 

.... 74 , 403,455 
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Phosphotungstate test 

Physical bebavior of solutions 

Picric acid reagent 

Pitch-blende 

Platinic chloride. See ChloroplaUmc acid, 

Platinum, metals 

reactions 


Pace 

2S2 

5 

282, 292 
542 


separation from gold ' V 

other platinum elements 


521, 524 
, . 522 

. . 524 

5:i0 


552 


Ill 

82 

IGd, 218, 552 

594 

5S 

as 

2Sf> 

193. 4GS. 547 
.. 283, :^85 

91, 103, 2s:, 
2Sl 


Plattnerite 

Plumbic acid 

Pocket spectroscope 

Polianite 

Pollucite 

Positive and negative elements 

Postprecipitation 

Potash 

Potassium acid sulfate fusion 

tartrate 



chloroplatinato, solubility of joo. 293 

mercuric iodide 229, 3<4 

428 

persulfate 10.1, 2 S.j 

pyroantimonatc 193, 4('8, ol' 

pyrosulfiitc, fusion with 

reactions 

reduction with ■ ■ • 

separation from other nIkMi metals. . ■ ' ' ' 

Potentials, oxidation 

reduction 

Powellite 

Praseodymium 

Precipitates, aging of 

washing of 

Preliminary examination 

Principles, general 

Protective colloids 

Proustite 



Prussian blue 

PruBsiate of potash, red 

yellow 

Prussic acid 


Purple of Cassius . . 

Pyrargyritc 

Pyrite 

Pyrocalcchol test . . 

Pyrochloro 

Pyrolusite 

Pyromorphite . . . . 
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295, 599 
1(», 43, 40 
40 

r-05, 5'^5 
.>00, 572 
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TO 

453, 45S 

I 

r.5 

• • 

99, 142 
.. 215 

3311 
333 

i 

. . • 

519 

99, 159 
205, 352 
. . . 5.50 

. . . 550 

... 21S 

no, 200 
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Paob 

Pyrophosphates, solubility of 395 

Pyrophosphoric acid, ionization of 16 

reactions 395 

Pyrosulfate of potassium, fusion with 193, 468, 547 

Pyroxone-amphibole group of minerals 270 

Q 

Qualitative analysis 1 

Quantitative analysis 1 

Quartz 443 

Quinalizarin test 192 

R 

Radium 694 

Rare earths 660 

Rare elements 605 

Reaction, definition 1 

tendencies 29, 57 

types 29 

Reactions, in the dry way 1, 2, 71, 454 

wet way 1» 2 

reversible 29 

used for qualitative analj'sis 1 

Reagent 1 

Reagents, concentration of 88 

Realgar 142 

Red lead HI 

Reduction by Devarda’s alloy 37 

hydriodic acid 39, 316 

hydrogen 35 

peroxide 35 

sulfide 37,353,472 

metals 35 

stannous chloride 38 

sulfurous acid 37,365 

definition 31 

in glass tube 77 

upper reducing flame 77 

on charcoal 78, 456 

stick 75,466 

potentials 39, 40, 43, 46 

with sodium, potassium, and magnesium 77 

Reinitc 685 

Reinseh arsenic test 156 

Rj'soroinol test 385 

Reversible reactions 2,29 

Rhenium 602 

Rhodium 627 

Rhodochrosite 218, 260 



INDEX 


G25 


Rinmann’s green 

Rochelle salt 

Rock salt 

Rhodizonate test 

Rosolic acid test 

Rowlandite 

Rubidium, reactions 

separation from other alkalies 

Ruby 

Rusting of iron 

Ruthenium 

reactions 

Rutile 


Pace 

250 

38;J 

2S4 

433 

373 

500 

590 

599 

ISS 

207 




Salicylaldojrime 

Salicylic acid test 

Salt effect 

of phosphorus beads 

solutions, concentrations of . . 

Saltpetre 

Chili 

Salta, hydrolysis of 

ionization of 

solubility table of 

Samarium 

Samarskite 

Sapphire 

Saturated solutions 

Scandium 

Scheelite 

Selenic acid 

reactions 

Selenioub acid 

Selenium 

test for, in sulfuric acitl 



Sensitiveness of reactions 


Separation of the acids , 

five metal groups from oneauuth.r 


Serpentine 
Siderite . . 


gold from platinum, 
metals of Group I • • 
Group II • 
Group III 
Group IV 
Grou() V . 
platinum metals. . . 


. - 137 

. 419 

74, m, 4')') 
•'"9 
2M) 
4 U) 


52 


11 
• 1*12 
573 
542, 55»; 

19 

.’iiin, :.i'.2 

.■O'.I, 510 
510 

... 509 

:) 0 s 

510 

159 

Mi 

297, 474, 501 

471 

52 1 

115, 471, 494 
IT.n, 472, 195 
2.-.0, 473, 497 
275, 473. 499 
295. 500 
... .. 530 

270 

205, 200 
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Silicates ^ 

decomposable by acids 

by fluxes 448 

withHF 444,447,468 

undecomposable by acids 447 

water-soluble 445 

Silicic acid 443 

Silicon 450 

detection in iron and steel 450 

Silicotungstic acid 

Silver chloride, dissolving of 

complex ions of 27, 28 

nitrate test 476 

reactions 

separation from other metals 115, 471, 494 

telluride 

Skeleton bead 449, 455 

Skutterudite 238 

Smaltite 142,238 

Smell, sense of ^ 

Smitlisonite 245, 260 

Soda-nitre 284 

Sodium, carbonate, ionization of 10, 11 

Sodium cobaltinitrite, reagent 91. 282 

decomposition of organic material 304 

bypophosphite 121 

nitroprusside 353 

peroxide 286 

reactions 284 

rhodizonate test 433 

reduction with 77,304 

separation from other alkalies 295, 500, 599 

xanthate 133 

Solid and non-mctallic substances 453 

Solid solutions ^ 

Solubilities and solubility products 19, 21, 461, 

table 462 

Solubility and temperature 27 

Solution of the substance 460, 469, 474, 494, 501 

insoluble substances 465, 467 

pressure 39 

electrolytic 39 

Solutions, analysis of 489 

chemical, electrical and physical behavior of 5, 7 

colloidal ^ 

saturated 19, 39, 462 

solid 

Spark spectra 32 

Sp or solubility product 26 

Special reagents 90 
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Spectrograph 

Spectrometer 

Spectroscope .... 

Spectrum analysis 

measuring the lines of 

Sphalerite 

Spinel 

Spodumcne 

Stannic acid 

compounds 

b-Stannic compounds 

Stannous chloride, reduction with 

compounds 

Stannyl chloride 

Starch and potassium iodide reagent 

Steatite 

Stcreodsomeric compounds 

• ♦ ♦ * * * 

Stibnitc 



Strength of reagents 

Strontianite 

Strontium, reactions r’ 

separation from Ba and 

Sulfates, solubility of ; ' . ••• ■ 

Sulfide, detection in presence of sulfite and t . 

precipitation, theory of 

Sulfides, behavior on ignition 

solubility of 

Sulfites of alkaline earths, solubility of . 

Sulfocyanates. Sec Thiocyanates. 

Sulfoxylic acid • ‘ ■/ 

Sulfocyanic acid. Thioeyanic acu 

Sulfur 

dioxide, preparation of u- i<. 

Sulfuretted hydrogen. *Sff Hydrogen . u 

Sulfuric acid, ionization of 

reactions 

tests for selenium in n o, and 

Sulfurous acid, detection in the prcpenre of 1 - 

ionization of 

reactions 

reduction by 

Sylvanitc . . • 

Sylvite 




PaC!E 

84 
83 
80 
79, 85 
81 
245 
270 
59fi 
167, 175 
173, 174 

174 
38 

1('.7 

175 
01, 287 

. , 270 

380 
1 50 
1 10, 58.-, 
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.511, 515 
2S0, 573 
. 524 


Talc 

Tannin reactions 
Tantallte 


270 

.5.50. .500, 501 
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587 

Tantalum 

589 

reactions 

separation from niobium (columbium) 

Tartar emetic * 

Tartaric acid 

Tartrates, solubility of ^ 

Taste, sense of 

Telluric acid, reactions 

Telluride . 

Tellurium 

Tellurous acid, reactions 

Terbium oic 

Tctrathionic acid 21b, 

Thallic compounds 

Thallium, reactions 

Thallous compounds 

ThSnard's blue 

Thioacetate tests 101, 106, 126, 134, 145, 149, 162, 169, 209, 233, 247 

Thiocyanic acid 

in presence of ferrocyanide and fcrricyanide w 

Thiosulfates, solubility of 

Thiosulfuric acid, in presence of sulfurous acid and hydrogen sulfide 414 

reactions ^^2 

Thiourea tests 

Thorianite 

Thorite ^52,556 

Thorium 

Thulium ’ 

^ 

separation from other metals 179, 183, 472, 496 497, 

1 I 284,375 

TlLone:;;::::::::::::::::::::::::::;:'::::::: 166.172.460,^ 

Titanitc ^ 

Titanium dioxide, analysis of ^ 

274 

Titan yellow reagent 

^ loo 
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